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1.0 OBJECTTvES,- GROUND R W S  AND SCOPE OF STUDY 

Communication channels between spacecraf t  and t h e  e a r t h  have i n  

t h e  past performed adequately with acceptable d a t a  r a t e s  and f o r  t h e  number of 

spacecraf t  requi r ing  support. This study was undertaken t o  inves t iga t e  s i t u a -  
t i o n s  i n  the  1975-1985 t ' i m e  period when l a r g e r  d a t a  r a t e s  w i l l  be required and 

the  number of spacecraf t  requi r ing  communication channels w i l l  be increased. 

The s t a t ed  objec t ives  of t h e  study were: (a)  t o  determine the  f e a s i b i l i t y  and 

capab i l i t y  of concepts f o r  deep-space communications employing s ing le  e a r t h  

s a t e l l i t e s ,  (b) t o  perform p a r a m t r i c  analyses  t o  ind ica te  the  more promising 

in tegra ted  system concepts, and (c)  t o  expose technica l  problem a reas  and t o  

ind ica t e  how such problem areas can influence the  choice and performance of 

candidate systems. 

Given and evolved study ground r u l e s  were: 

1. 

2. 

x 
I '  

4. 

5- 

6. 

7- 

8. 

9. 

10. 

O r b i t  a s ingle  e a r t h  s a t e l l i t e  as opposed t o  mult iple  synchro- 
nous s a t e l l i t e s  f o r  communications r e l a y  between e a r t h  and a 
v a r i e t y  of planetary spacecraf t .  

Each s a t e l l i t e  w i l l  be assigned f u l l  time t o  each spacecraf t .  

9pera t iona l  time period - m i d  70is t o  a i d  8 0 ' s .  

Operational l i f e t ime  - comparable t o  spacecraf t  mission dura- 
t i o n  (maximum of 3 y e a r s ) .  

Se lec t  s a t e l l i t e  e a r t h  o r b i t s  t o  provide continuous l i n e  of 
s igh t  between the  s a t e l l i t e  and spacecraf t  using o r b i t  pre- 
cession and no ac t ive  plane changing. 

Consider launch vehicle  c a p a b i l i t i e s  from the eas t e rn  t e s t  
range and t he  western t e s t  range. 

Launch vehic les  considered : 
and T i t an  I I I C .  

Saturn-IB/Centaur, Saturn-IB 

Frequencies of i n t e r e s t  - 2 t o  100 gigahertz 

S a t e l l i t e  antenna gain - 60 t o  80 db 

Command power - minimum of 10 kW r ad ia t ed .  

SGC 920FR-1 
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The 9-month study resul ted i n  a parametric ana lys i s  of deep - 
space monitor communication systems consis t ing of a s ingle  e a r t h  satel l i te  and 

I associated in te rp lane tary  spacecraft .  The accomplishment of t h e  study objec- 
t i v e s  required parametric analyses involving considerations of frequency, band- 

width, radiated power, da t a  ra te ,  antenna size, weight and volume, and o r b i t  

i nc l ina t ion  and al t i tude ' .  

sa ry  as were antenna fabr ica t ion  and deployment, equipment modules, a t t i t u d e  

control ,  power sources, micrometeoroid dus t  and r ad ia t ion  shielding, launch 

vehic les  and s i t e  select ion,  and l o g i s t i c s  and resupply. 

given t o  system in tegra t ion  and t radeoffs  as required t o  monitor both manned 

and unmanned spacecraf t  f o r  planetary missions. 

Evaluation o f  support requirements w e r e  a l s o  neces- 

Considerations were 

. . .  
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,: . 
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TECHNICAL ~PROACH/STUDY PLAN 

A flow diagram of t h e  study plan i s  shown i n  Figure 2-1. Eight 

primary work areas are noted i n  the  diagram with a chronological flow from l e f t  
t o  r i g h t .  Mission ana lys i s  was defined as t h e  a rea  deriving ava i lab le  launch 

vehicle  payload c a p a b i l i t i e s  and se l ec t ion  of appropriate  launch vehicles .  

difference i n  launch vehicle  payload c a p a b i l i t i e s  f o r  t h e  eastern and western 
tes ts  ranges were also noted here.  

Mission Analysis and included the  l i n e  of s igh t  t o  spacecraf t  t r a j e c t o r y  anal-  

y s i s  and the  considerat ions of t h e  selected o r b i t  a l t i t u d e s  thus derived t o  or -  

b i t a l  environment conditions.  The l i n e  of s igh t  t o  spacecraf t  t r a j e c t o r y  anal-  

y s i s  was one of  t he  m a n y  unique and important problems of the study. 

were required which would assure continuous l i n e  of s i g h t  from t h e  satel l i te  t o  

The 

Orbit se lec t ion  was invest igated under 

Orbits 

the  spacecraf t  f o r  a v a r i e t y  of missions i n  order t o  e s t a b l i s h  f e a s i b i l i t y  of 

t h e  D W S  concept. 

The Mission Analysis mater ia l  was then  fed i n t o  three o ther  work 

areas as noted i n  t h e  f igu re .  These areas were i n i t i a l l y  invest igated separately.  

After subs t an t i a l  work was completed i n  these  areas they were s tudied together  

and i t e r a t e d .  The Available S a t e l l i t e  Discipl ine Performance area consis ted 

of  a compilation of s t a t e  af the art and a p r e d i c t t o n  of advances i n  s t a t e  of 

the a r t  in to  the  Deep Space Monitor Communication S a t e l l i t e  (DSMCS) time period 

f o r  a l l  the required technological  d i sc ip l ines .  The S a t e l l i t e  Discipl ine Re- . 

quirements area presented desirable requirements f o r  t h e  DSMCS d i sc ip l ines  as 

d i c t a t ed  by t h e  i n i t i a l  concept. 

included : 

Through the  course of the  s tudy t h e  desirable  requirements were i t e r a t e d  with 

pred ic t ions  of advances i n  d isc ip l ine  s t a t e  of the  a r t  and t radeoff  adjustments 

made. 

secondary degree and t h e i r  influences were used f o r  addi t iona l  t radeoffs  i n  t h e  

available d i sc ip l ine  performance/discipline requirements i t e r a t i v e  loop. 

Primary s a t e l l i t e  technica l  d i sc ip l ine  areas 

communications, p w e r ,  a t t i t u d e  control ,  and environment cont ro l .  

Sa te l l i t e /Spacecraf t  Interface Considerations were a l so  considered t o  a 

The i t e r a t i v e  results of the  last th ree  work areas  were fed i n t o  

t h e  Sa te l l i t e  Discipl ine Design Interface and t h e  S a t e l l i t e  Conceptual Design 

areas. P r io r  t o  firming up t h e  s a t e l l i t e  conceptual designs, t he  i n t e r r e l a -  

. t i o n s  o f  a l l  s a t e l l i t e  d i sc ip l ines  were inves t iga ted .  Nine representa t ive  
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conceptual designs were presented with four prefer red  configurat ions.  I n  r e t r o -  
spect ,  the  Cegree of Program F e a s i b i l i t y  was discussed and Technological Problem 

Areas noted. 

I 

SGC 920FR-1 
Volume IT Page 4 

. 



w k - i  - J w  - 
d 
W 

v) 
rz 
Y 

0 z 
i 
E 
0 L 

t 
4 

a- 
d 
W 

1 

cu 
a, 
k 

SGC 92OFR-1 
Volume I1 



3.0 STUDY MILESTONES - 

A t  t h e  beginning of the study a good por t ion  of t h e  technological  

and opera t iona l  obs tac les  were e a s i l y  recognizable.  

and more mature understanding developed, add i t iona l  obs tac les  became apparent.  

Some of t h e  hardware r e l a t ed  milestones,while understood f o r  study purposes, re- 

quired c a p a b i l i t i e s  beyond t h e i r  present s t a t e  of the  ar t  and a r e  noted later 
as technological  problem areas .  Study obs tac les  requi r ing  understanding t o  a 

degree t h a t  the  study could not  progress properly without a f i r m  f i x  on them 

were termed milestones. A l i s t  of t h e  milestones encountered follows: 

As t h e  study progressed 

I '  
0 Line of s i g h t  t o  spacecraf t  through non-occulting o r b i t  

- se l ec t ion .  

0 Environment l imited cooled ampl i f ie rs  e i t h e r  parametric 
o r  maser. 

. 0 Closed loop cryogenics f o r  ampl i f ie r  cool ing 

0 2-100 gigahertz  cryogenic ampl i f ie rs  

2-100 gigahertz  e f f i c i e n t  t r ansmi t t e r s  e 
, .  

0 High power t r ansmi t t e r  thermal cont ro l  

0 Antenna e l e c t r i c a l  and mechanical design 

0 

0 Antenna thermodynamic ana lys i s  

Antenna e l e c t r i c a l  t o  mechanical r e l a t ionsh ips  

0 Manufacturing and deployment c h a r a c t e r i s t i c s  for 
one piece, petal ,  and i n f l a t a b l e  antennas 

0 Feed pos i t ion  e rec t ion  and operation to le rance  

0 Extrapolat ing nuclear power system technology 

0 

0 

Nuclear power system thermal con t ro l  

Es tab l i sh ing  so la r  Dane1 power system i n t e r f a c e  with a t t i t u d e  
con t ro l  system requirements 

.a Establ ishing a t t i t u d e  con t ro l  system performance r e l a t ed  
dis turbance torques 

0 Attaining required a t t i t u d e  cont ro l  system f o r  t h e  required 
point ing accuracy 

SGC 9 2 0 ~ ~ - 1  
Volume I1 Page 6 

U 



4.0 BASIC COMMUNICATION SYSTEM RELATIONSHIPS 

The func t iona l  design of t h e  DSMCS i s  bounded by t h e  l i m i t a t i o n s  

. of t h e  communication system components as w e l l  as the  components of aux i l i a ry  

per iphera l  systems. A t e n t a t i v e  system configurat ion is  formulated here  which 

meets t he  DSMCS mission requirements and i s  compatible with t h e  probable char-  

a c t e r i s t i c s  of connecting systems. The communication system design configura- 

t i on ,  although it i s  not optimum i n  any p a r t i c u l a r  sense does demonstrate t o t a l  

f e a s i b i l i t y ,  expose c r i t i c a l  areas  and ind ica t e s  a l t e r n a t i v e  approaches. The 

in t en t ion  here  is not  only t o  show how it can be done bu t  what is  t h e  r a t iona le  

leading t o  the  recommended design. 

t i o n  system configurat ion is preceded by an i temizat ion of t he  objec t ives  and 

The desc r ip t ion  of t he  proposed communica- 

assumptions of the  design. The operations including t rack,  c a l i b r a t e  and acquire  

are considered including d e t a i l e d  i temizat ion of t he  key equipment cha rac t e r i s -  

t i c s  including r e l i a b i l i t y .  

4.1 GOALS AND CONSTRAINTS 

The primary goa l  of  the DSMCS i s  t o  monitor spacecraf t  operating 

i n  deep space.  The receiver  monitoring the  spacecraf t  must be as s e n s i t i v e  as 

p r a c t i c a l l y  possible i n  order t o  censerve spacecrzf t  energy expended per b i t  

Of information t r ans fe r r ed .  Implici t  i n  a m a x i i u m  b i t  r a t e  t r a n s f e r  per  energy 

expended c r i t e r i a  i s  a need f o r  a high ga in  antenna which t r acks  the spacecraf t  

continuoudly and a coherent receiver .  

an earth-bound rece iver  and processor must be capable of ex t rac t ing  doppler i n -  

formation f o r  spacecraf t  t r a j e c t o r y  computation. The beam pos i t ion  r e l a t i v e  

t o  a known coordinate system i s  a l s o  necessary f o r  accurate  t r a j e c t o r y  t racking .  

The long mission t i m e s  suggest t he  need f o r  a ranging capab i l i t y  i n  t he  rece iver  

i n  order  t o  compensate f o r  t he  la rge  t racking e r r o r s  t h a t  bu i ld  up due t o  o s c i l -  

l a t o r  d r i f t .  

mand, of  course, would be formulated a t  a ground s t a t i o n  and relayed t o  the  

DSMCS or some combination of DSMCS and 

1 

Another DSMCS goal  i s  a command capab i l i t y .  The spacecraf t  com- 

hrn.,"" 
UDI"lb3.  

0 

, 
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The general  po l icy  a t  each func t iona l  l e v e l  w a s  t h a t  of minimizing 

operating complexity within DSMCS. This i s  by no means easy s ince  the re  a r e  

numerous cont ro l  loops whose c h a r a c t e r i s t i c s  a r e  adaptable t o  spec i f i c  s i t u a -  

t i o n s  which must be  locked quickly i n  t he  proper order  and kept t racking  t h e  

received s igna l .  It w i l l  be seen tha t  l i m i t i n g  t h e  complexity reduces system 

weight and.more importantly increases  system r e l i a b i l i t y .  I n  the  d i r e c t i o n  of 

reducing development time and enhancing r e l i a b i l i t y ,  where possible ,  t he  tech-  

niques and system components used are those which have been u t i l i z e d  on the  un- 

manned space network and which w i l l  soon be implemented i n  the  manned Apollo 

c o m n i c a t i o n  network. The one cons t r a in t  on t h e  down-link or  DSMCS t o  e a r t h -  

bound s t a t i o n  channel is t h a t  it be compatible with the  ground instrumentation 

of the  uni f ied  S-band system. Although many of the  30-foot d i shes  of t he  manned 

space f l igh t  network would be avai lab le  i n  the  l a te  T O ' S ,  it appears t o  be an un- 

necessary- complexity t o  continuously t r a n s f e r  deep spacecraf t  recept ions i n  r e a l  

. time t o  t h e  ground. This w i l l  be p a r t i c u l a r l y  t r u e  f o r  missions i n  the  l a t e  

7 0 ' s  and 80%, where the  transmission times w i l l  be g rea t  and the  b i t  r a t e s  

r e l a t i v e l y  low. 

or ien ted  and t racking the  spacecraf t ,  the  monitored information will be s tored  

and returned t o  the  ground s t a t i o n  a t  a higher r a t e  pe r iod ica l ly .  A s ing le  

po la r  ground s t a t i o n  would s u f f i c e  f o r  most DSMCS o r b i t s .  

For t h i s  reason, i t  w a s  assumed t h a t  once the  DSMCS antenna is  

4.2 . SYSTEM DESIGN 

In order  t o  reduce the  communication system: complexity, increase 

f l e x i b i l i t y  and t o  improve r e l i a b i l i t y ,  it i s  necessary t h a t  as many con t ro l  

func t ions  as possible  be loca ted  on t h e  ground. !The majority of t he  con t ro l s  

. e n t a i l  adjust ing loop o s c i l l a t o r s ,  sweep r a t e s  and/or loop c h a r a c t e r i s t i c s  f o r  

minimum acqu i s i t i on  time and improving general  performance. These con t ro l s  a r e  

b e s t  ad jus ted  by l a rge  capaci ty  d a t a  processing u n i t s  which a re  capable of 

holding and u t i l i z i n g  the  var ious system i n t e r f a c e  func t iona l  r e l a t ionsh ips  

~ n d  ~ 5 c c j . c r :  hictaFJr n ~ , - a a ~ ~ m r  .---b-..-*.# f ~ r  tr:e q t i ~ 1 - g  r ~ n t r n l .  n-11.s; w h p n e v p ~ .  p s s i h l ~  

rece ive r  loops should be terminated a t  the  ground s t a t i o n  where l a rge  computers 

a r e ' a v a i l a b l e .  A ground cont ro l  processor has the  add i t iona l  advantage of almost 
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unlimited f l e x i b i l i t y  t o .  adapt t o  unexpected s i t u a t i o n s .  Figure 

block diagram of the  DSMCS communication system where f i v e  loops 

k2-It shows a 

a r e  closed i n  
L 

the  s a t e l l i t e .  These closures  are  considered unavoidable i n  order  t o  e f f ec t ive ly  

meet DSMCS goals .  An a d d i t i o n a l r f  loop and both antenna t racking axes loops, 

and a range stream loop are closed a t  t h e  ground s t a t i o n  i n  e i t h e r  delayed o r  

real t i m e .  

m o d e  t r a n s f e r  by a uni f ied  S-band channel t o  the  ground. 

When necessary, the  deep space information i s  recorded f o r  b u r s t  

. A  de ta i l ed  descr ipt ion of t he  system will begin with the t r ans -  

mitter group a t  the  top  of the diagram. A very s t a b l e  frequency standard sup’- 

‘ p l i e s  t h e  frequency reference f o r  appropriate mul t ip l ica t ion  and d iv i s ion  i n  

the  t ransmi t te r  synthesizer .  The synthesizer VCD (voltage cont ro l  o s c i l l a t o r )  

is  locked t o  e i t h e r  t h e  reference or  a programmed acquis i t ion  vol tage.  The VCO 

output when locked must be of high spec t r a l  p u r i t y  i n  order t h a t  usefu l  doppler 

measurements might be m a d e  through the spacecraf t  loop. 

p l i e d  up t o  the  t ransmit  frequency and modulated by the  spacecraft  commands and 

range code. The range stream, i f  implemented, will be infrequent ly  used i f  a 

s u f f i c i e n t l y  s t ab le  frequency standard i s  used s ince doppler t racking can f i l l  

i n  between ranging f i x e s .  Following modulation, the s igna l  i s  f i l t e r e d  and 

amplified f o r  transmission. 

smaller acquis i t ion  antenna o r  the tracking antenna o r  a load f o r  t e s t  purposes. 

A dip lexer  would precede 

t racking Q incorporated.  

though it may be necessary f o r  most missions. Three-axes s t a b i l i z a t i o n  will 

undoubtedly be maintained a t  the spacecraf t  and DSMCS, and therefore  the only 

reason f o r  po lar iza t ion  cont ro l  would be t o  discr iminate  between two channels 

of d a t a  i n  orthogonal planes.  

f o r  t racking i n  the  orthogonal planes. 

The VCO output i s  mult i -  

The amplified s igna l  may be d i rec ted  t o  e i t h e r  a 

s igna l  transmissio’n i f  r e a l  time coherent doppler 

A polar iza t ion  cont ro l  block has been included al- 

The antenna feed must a l s o  provide e r r o r  s igna l s  

The received deep space sum channel s igna l  comes from e i t h e r  the  

main t racking or  acquis i t ion  antenna d ip lexer  i n t o  the  antenna s e l e c t o r .  

receive s e l e c t o r  also connects the receiver  t o  control led absolute power l e v e l s  

f o r  sensing l o w  noise ampl i f ie r  performance. The cryogenic amplifier r a i s e s  the  

s i g n a l  and noise s u f f i c i e n t l y  high so tha t  the  noise of subsequent s tages  will 

The 

0 
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not a,,dct the signal-to-noise r a t i o .  The amg 3d s igna l  then divided - 

and mixed a t  two separate  poin ts .  One mixer u t i l i z e s  an incoherent l o c a l  

o s c i l l a t o r  derived from the receiver synthesizer .  

a r e  amplified and then multiplexed i n t o  a convenient format f o r  transmission 

p r  storage and eventual transmission t o  the ground s t a t i o n  over a unif ied S- 

band communication l i n k .  A sample of t he  rece iver  synthesizer  i s  a lso  stored 

coincidental ly  with the  da t a  and transmitted v i a  the S-band l i n k  so t h a t  dop- 

p l e r  tracking of the  deep space s igna l  may be achieved a t  the ground processor 

i n  s p i t e  of s torage medium d i s to r t ions .  

i s  mixed with a coherent o s c i l l a t o r .  

The desired mixer products 

The othercryogen'ic amplif ier  output 

The coherent o s c i l l a t o r  permits extrac-  

# t i o n  of the  phase and amplitude of the c a r r i e r  i n  order t o  e s t ab l i sh  an AGC 
voltage and e r r o r  s igna l  i n  the  antenna t racking channel. 

cont ro l  of the VCO and the loop cha rac t e r i s t i c s  w i l l  be  e i t h e r  commanded from 

The sweep and phase 

the ground statim o r  control led by a DSMCS i n t e r n a l  program with ce r t a in  pro- 

gram cons t ra in ts  commanded from the  ground s t a t i o n .  The 2f' c a r r i e r  loop which 

i s  closed a t  the ground s t a t i o n  i s  not intended t o  be a back-up f o r  the DSMCS 

rf loop. The ground s t a t i o n  loop w i l l  be control led i n  r e a l  time o r  by a la rge  

capaci ty  da t a  processor and thus more usefu l  da t a  from the deep space transmis- 

s ions as  well  as  general  DSMCS systems diagnost ics  can be more e f f i c i e n t l y  

ex t rac ted .  

an AGC voltage e r ro r  s igna ls  from low da ta  r a t e  telemetry.  

der iving AGC and angular e r r o r  s ignals  a t  the expense of c a r r i e r  power i s  t o  

increase the c a r r i e r  power and modulate the spacecraf t  da t a  i n  such a fashion 

t h a t  a la rge  span e x i s t s  between the lowest information spectrum and the car -  

r i e r .  

A!2C and angular e r r o r  channel. The angular e r r o r  s igna ls  which describe the 

pos i t i on  of the  DSMCS beam r e l a t i v e  t o  the spacecraf t  a r e  d i g i t i z e d  and com- 

mutated with other low da ta  r a t e  s igna ls  within the DSMCS system. The la rge  

d i s h  antenna s igna ls  a r e  u t i l i z e d  a t  DSMCS f o r  a t t i t u d e  control  e r r o r  correc- 

t i o n .  The DSMCS frame or ien ta t ion  r e l a t i v e  t o  the  c e l e s t i a l  sphere is  der ivd  

The DSMCS irf loop i s  intended as  a convenient method of obtaining 

Another method of 

By t h i s  method a simple amplitude de tec tor  could be used t o  control  the 

. from a s t a r  t r acke r .  The or ien ta t ion  of the ahtenna beam r e l a t i v e  t o  the DSMCS 

frame w i l l  be s e t  before launch o r  will be calculated i n  f l i g h t .  

t o  spacecraf t  angular e r r o r  da t a  and s t a r  t r acke r  data ,  the  range code and 

range co r re l a t ion  s igna l  i s  provided t o  the d i g i t a l  commutator. 

In addi t ion 

, 
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The DSbCS t o  ground transmission can be t a i l o r e d  t o  whatever f o r -  

m a t  e x i s t s  f o r  unif ied S-band communications at the  time of D W S  launch with 

the  usual te lemetry spectrum replaced by t h e  high d a t a  r a t e  deep space in foma-  

t i o n  and D W S  monitor s igna l s .  Recorded deep space d a t a  i s  taken from s torage  

a t  approximately 20 times t h e  record r a t e .  

5 w a t t s  f o r  a 200 k i l o b i t  per second r a t e  with an .omnidirectional antenna on t h e  

s a t e l l i t e  and a 30 f o o t  diameter unified S-band antenna and rece iver  on t h e .  

ground. The usual  spacecraf t  closed loop t r ack ing  rece iver  must be implemented 

at the  s a t e l l i t e  so t h a t  t he  DSES loca t ion  accuracy e r r o r s  are s u f f i c i e n t l y  

small so as not  t o  a f f e c t  t h e  spacecraft  t rack ing .  

- 

The t r ansmi t t e r  power i s  less than 

4 03 OPERATION 

After having reviewed the  genera l  func t iona l  operat ion of the  D S E S  

communication system, a c lose r  look at  s p e c i f i c  operations performed by the  sys- 

tem and t h e  c r i t i c a l  components necessary t o  perform these  operat ions i s  i n  order .  

Normal t racking  operations w i l l  be reviewed first followed by c a l i b r a t i o n  and ac- 

q u i s i t i o n  operat ions.  Q u a l i t a t i v e  evaluation of accuracy and s t a b i l i t y  of i m -  

por tant  measures a re  not possible  

parameters have been determined. 

complished without t h i s  data. 

u n t i l  more s p e c i f i c  d e t a i l s  regarding operat ing 

Much usefu l  system design, however, can be ac- 

4.4 NORMAL MODE 

I n  a normal mode of operation the  DSMCS aperture  will t r a c k  t h e  

spacecraf t  continuously. Not only must  t h e  receiving aperture  be or ien ted  

toward t h e  spacecraf t  b u t  the  o r b i t  of t he  DSES must precess i n  order that t h e  

e a r t h  o r  lower atmosphere will not degrade the  spacecraf t  s igna l  transmission. 

The appropriate  tu rn ing  r a t e  necessary t o  compensate f o r  t he  d i f f e rence  between 

t h e  spacecraf t  l i n e  of s i g h t  vector  and the  DSMCS o r b i t  normal vec to r  i s  at most, 

l e s s  than  .6 deg/day. 

c r a f t  dur ing  each ind iv idua l  o r b i t  i s  a func t ion  of t he  range and beamwidth of 

the ~~nte_?_n_a- If the  smll a ~ q d i s j . t f o n  afitefifia Is n~ less tharl ~it:-tt.~iiii ihe 

diameter  of t h e  la rge  antenna it would be used i o  t r ack  over t he  f i rs t  19 of 

t h e  mission range. And if it can be assumed, t h e  sho r t e s t  maximum range of a 

deep space mission i s  1.23 AU, then .123 AU would be t h e  sho r t e s t  t r ack ing  range 

f o r  t he  l a r g e  aper ture .  

The required angular r a t e  necessary t o  follow t h e  space- 

Figure 4.4-1 shows t h e  diameter of t he  aper ture  as a 
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function of operat ing frequency necessary t o  achieve the  3-decibel antenna 

beamwidt'n which would include the  deep space spacecraf t  over t h e  whole DSMCS I 

~ o r b i t  witinout correction. The angular beamwidtin i n  aper ture  diameter i n  

wavelengths is a l s o  shown. The l i n e  corresponding t o  ,125 AU is t h e  nominal 

s ta te-of- the-ar t  f o r  s o l i d  parabol ic  reflector antennas i n  t h e  s tudy  frequency 

range. Because of t h e  shmi lar i ty  of t h e  antenna s ta te -of - the-ar t  and t h e  
t racking  l i m i t s ,  t h e  antenna design upper l i m i t  will be 1.5 x 10 3 wavelengths 

and, therefore ,  t rack ing  around t h e  DSMCS o r b i t  w i l l  not be necessary. 

Not only must t h e  DSMCS aperture be d i rec ted  toward t h e  space- 

craft bu t  i t s  pos i t i on  must be known witin respec t  t o  some reference system. 

The c e l e s t i a l  t r acke r  block forms a reference frame. Tne s t a b i l i t y  of tinis 

platform should be an order  of magnitude b e t t e r  tinan t h e  t racking  antenna 

beamwidtin. Tne angle cosines between t h e  c e l e s t i a l  platform and tine a t t i t u d e  

control led t racking  d i sh  w i l l  be transmitted t o  t h e  ground s t a t i o n  f o r  tra- 

j ec to ry  computations. 

sen t  an upper l i m i t  of antenna beamwidt'n. Tne proposed Orbi t ing  Astronomical 

Observatory c e l e s t i a l  t racker  maintains a .016' s t a b i l i t y  and therefore  would 

Tne p l o t s  f0r.0625 and.125 AU of Figure 4.4-1 repre- 

be marginal f o r  t'ne .125 AU system and adequate with a f a c t o r  of 4 improve- 

ment. Tne Orbi t ing  Astronomical Observatory t r acke r  i s  selected here t o  demon- 

strate t'ne f e a s i b i l i t y  of t'nis pa r t i cu la r  component and i s  not s p e c i f i c a l l y  

recommended f o r  t inis  use. Tne mean time between f a i l u r e  of t'nis p a r t i c u l a r  

platform i s  s u f f i c i e n t  f o r  DSMCS r e l i a b i l i t y  goals. Tne e r r o r  s igna l s  nec- 

essary  t o  dr ive  the  large antenna may be generated by physical ly  moving t'ne 

beam o r  by the  use of a monopole feed system. Tne beam motion, although it 

could be implemented by a moving feed i s  qui te  d i f f i c u l t  because of r e l i a b i l i t y  

considerations.  Tne feed system f o r  an antenna i s  not e a s i l y  interchangeable 

with a redundant un i t  and thus  i t s  r e l i a b i l i t y  must be extremely high. A 

double monopole feed system intended t o  generate e r r o r  s igna ls  causes a 

reduct ion i n  system s e n s i t i v i t y  due t o  the  in se r t ion  loss of the  feed ( . 3  
d e c i b e l s ) .  

cont r ibu t ion  f o r  a 300 K thermometric temperature feed. 

e r r o r  s igna l s  a r e  derived from tine c a r r i e r  and t ransmit ted t o  the  a t t i t u d e  

con t ro l  system i n  r e a l  time and t o  tine ground processor i n  delayed time. 

This represents  approximately 20 degrees Kelvin noise.temperature 

I n  a normal mode the  0 

The 
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antenna t racking  loop i s  closed a t  the  DSWS i n  order  t o  provide quick response 

t o  environmental per turbat ions.  The antenna loop is  monitored at t h e  ground t o  
provide optimum con t ro l  of t h e  satellite antenna con t ro l  loop characteristics. 

Even if  an  rf ranging capabi l i ty  i s  implemented, a doppler t rack-  

ing  requirement w i l l  be iiecessary t o  resolve range wi th in  each range b i t  and 

as a backup f o r  t h e  wideband range. 

t racking,  a very s t ab le  frequency standard must be provided. 

f o r  t ne  data  storage arrangement, a time standard might be placed a t  t h e  ground 

processor. A d i s t o r t i o n  induced on the s tored da ta  by t h e  tape  dr ive ,  which i s  

locked t o  tine frequency standard t o  reduce t'ne very low frequency d i s to r t ions ,  

requires tinat a very s t ab le  t iming  pulse be recorded witin the  data.  

I n  order t o  achieve accurate doppler 

If it were not 

As indicated 

earlier t'ne frequency standard provides a t i m e  base f o r  t h e  t r ansmi t t e r  syn- 
t h e s i z e r  and rece iver  synthesizer.  

tinat i s  poss ib le  wit'n present  day phase lock-loops, a s t a b i l i t y  comparable t o  that 

6%' rubidium i s  necessary. 

S-band doppler systems use a rubidium standard. 

In order  t o  achieve t'ne bes t  doppler accuracy 

Operational unmanned, and tine i n  development manned, 

Tine s t a b i l i t y  of two p a r t s  i n  

from one second t o  twenty minutes produce ve loc i ty  accuracies  from .03 meter 

per  second t o  .OO3 meter per second f o r  closed loop operation. 

based on smoot'ning periods of one minute t o  f i v e  hours. Tie ex t rapola t ion  of 

t h i s  technology from t'ne e x i s t i n g  ground systems t o  DSMCS i s  not a s  hazardous 

a s  it might appear s ince t h e  break i n  t h e  doppler loop represented by the  DSMCS 

recorder  is nearly i d e n t i c a l  t o  t n e  break i n  t'ne unmanned ground space network 

doppler loops where t h e  t ransmit  s t a t i o n  w i t n  a frequency standard i s  not the  

same a s  t'ne received s t a t i o n .  I n  t h i s  case, microwave links t ransmit  t'ne data  o r  

c a r r i e r  f o r  coherent demodulation. Although the  acqu i s i t i on  problems a r e  d i f f i -  

c u l t ,  t h e  design of t h e  t ransmi t te r ,  phase-lock loop and synthesizer  i s  within 

tine s ta te -of - the-ar t .  The frequency standard design i s  developmental. Pr ior  

t o  t h e  discovery of t'ne Mossbaues 

f o r  space f l i g h t  were being developed. 

Tne accuracy i s  

e f f e c t  severa l  models of s t a b i l i t y  clocks 

A t  t h e  time of t he  discovery one of t h e  

iei-elaprrelit e j Y f i ~ t . ~  Iiad 11t.a~ iy i ' i r i is i ld  aii aii-uorlia ~ i ~ ~ i i  iihisii -riel@& tbii  
0 10 

20 kg. 

s t a b i l i t y  per  day on a long-term bas i s  has been developed f o r  a geophysical 

s a t e l l i t e .  

A much smaller clock made of highly s t ab le  quartz  c r y s t a l  with a 10 

Both of these e f f o r t s  indicate  t'nat a f l i g h t  model of lo1' short-term 

s t a b i l i t y  o s c i l l a t o r  could be ava i lab le  f o r  DSMCS. 
I 
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It w i l l  be s'nown i n  the  thermal cont ro l  sec t ion  t h a t  energy and 

c o m n d  power limits of t'ne DSMCS preclude continuous two-way doppler tracking. 

The 5 minute per  hour command s igna l  prevents DSMCS fromclosedloop t racking  

f o r  any mission greater t'nan . 3  AU from t h e  eartin due t o  transmission time alone. 

Although one-way t racking  i s  not  as accurate,  a clock similar t o  t h a t  recommended 

for DSMCS a t  t'ne spacecraf t  would permit accuracies  approaching t h a t  of two-way 

systems. An a l t e r n a t e  approach would include a l e s s  sophis t icated clock a t  the  
spacecraft which would accept a n  ultra stable c a r r i e r  from EMCS f o r  generation 

of o s c i l l a t i o n  draPt correct ions.  

carrier sen t  from a ground based system which includes very stable carrier and 

which is  then  tracked through t h e  spacecraf t  by  DSMCS. 

A t h i r d  method would include a per iodic  cormnand 

During tine normal mode of operation, tine receive spacecraf t  tele- 
metry w i l l  be per iodica l ly  transmitted t o  t'ne ground processing unit. 
t o t a l  t r a n s i e n t  time and tine reac t ion  time f o r  most deep space missions i s  com- 

parable t o  t h e  o r b i t  period, a recorder playback once per  o r b i t  i s  probably 

su f f i c i en t .  The number and loca t ion  of s t a t i o n s  necessary t o  permit playback 

only once per  o r b i t  i s  a funct ion of tine DSMCS o r b i t  i nc l ina t ion  and a l t i t u d e  

and the  ground antenna receive sector.  

satellite wifk 3:: 80 inc l ina t ion .  

sen ts  coverage of a receive s t a t i o n  a t  I?airbanks,'Alaska, f o r  a minimum 10' eleva- 

t i o n  angle  and a 1,000 kilometer o r b i t a l  a l t i t u d e .  

nominal configuration 10 of 14 o r b i t s  can be seen from 5 t o  10 minutes a t  t h e  

s t a t i o n  (10' elevat ion,  horizon t o  zenith time i s  7.3 minutes). 

i n  Northern Europe could pick up t h e  remaining o rb i t s .  

r ece ive r s  planned f o r  t'ne unified S-band system a r e  more than s u f f i c i e n t l y  

s e n s i t i v e  f o r  the  DSMCS t o  ground communication l ink  wi th  a low power t ransmi t te r .  

Since t h e  

Figure k 4 - 2  shows t h e  o r b i t  of a 
0 Tie ins ide  c i r c l e  near the North Pole repre- 

It can be seen t'nat f o r  t h i s  

A s t a t i o n  located 

The th i r ty - foo t  d i sh  and 

. Once a connection has been establ ished between t h e  ground s t a t i o n s  and a large-  

capaci ty  da ta  processor, t h e  use of tha t  ground s t a t i o n  o r  s t a t i o n s  could be 
t i m e  shared wit'n o ther  DSMCS type systems. 

The spacecraf t  t o  DSMCS communication l i n k  and the  ground t o  DSMCS 

communication l i n k  each require  a storage medium f o r  receive information. 

ground s t a t i o n  t o  DSMCS l i n k  storage would r e t a i n  commands f o r  the  DSMCS and 

t h e  spacecraf t  being tracked f o r  eventual compnd of spacecraf t  a t  t h e  appropriate  

The 
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t i m e ,  The capaci ty  requirements of t h i s  s torage medium are modest b u t  the 

access time must be shor t .  Thus, a so l id  state memory with t h e  a d d i t i o n a l  high 

r e l i a b i l i t y  would be i n  order here.  

nomical Observatory memory which includes a small 200-kilobit  magnetic core 

memory. The storage medium f o r  t h e  spacecraf t  te lemetry w i l l  by necess i ty  be 

magnetic tape  assuming no l a r g e  advances i n  t h e  present  technology of storage 

mediums. The recorder here i s  nothing more than a sequent ia l  copy machine of 

a la rge  capaci ty  with no access requirements. 

t i o n  of i t s  performance and spacecraft  telemetry d a t a  w i l l  be multiplexed w i t h  

t h e  spacecraf t  te lemetry d a t a .  The required capaci ty  of  t h e  recorder l i e s  be- 

tween 7 x 10 b i t s  and 1 . 4  x 10 bi ts .  

1 x 10 cycles  per  second spacecraf t  channel rate and a s ingle  o r b i t  r e t e n t i o n  

and 10 x 10 cycles per second spacecraft  channel rate with a two-orbit re ten-  

t i o n .  Endless loop recorders have been operated under similar environment re- 

quirements as t h a t  of t h e  DSMCS a t  e i t h e r  end of t h e  storage capacity spectrum. 

The Mars Mariner recorder at a 3 x 10 b i t  capaci ty  was on 300 fee t  of magnetic 
7 tape and the Nimbus recorder i s  capable of s t o r i n g  10 b i t s o n 1 2 0 0 f e e t  of magne- 

t i c  tape.  I n  t h e  case of t h e  Mariner recorder t h e  r e l i a b i l i t y  of t h e  t o t a l  sys- 

t e m  was not s i g n i f i c a n t l y  increased by t h e  recorder alone. The Nimbns r e c m d e r  

did  have a redundant un i t  i n  order t o  improve r e l i a b i l i t y .  

dundant recorder o r  any other  c r i t i c a l  DSMCS component w i l l  l a r g e l y  be d i c t a t e d  

by subjec t ive  c r i t e r i a  on the importance of c e r t a i n  system funct ions and a l s o  

on the a v a i l a b i l i t y  of particular uni t s .  

A t y p i c a l  example is  the Orbi t ing Astro- 

DSMCS diagnost ic  d a t a  f o r  evalua- 

6 8 The extremes a r e  represented by a 
3 

3 

6 

The need f o r  a re- 

The DSMCS t o  ground l i n k  w i l l  be compatible with t h e  unif ied 

S-band system. 

clude t h e  commands f o r  t h e  DSMCS and spacecraf t .  

the  spacecraf t  telemetry and DSES diagnost ics  i n  addi t ion  t o  v e r i f i c a t i o n  of 

commands t ransmit ted and t h e i r  execution. 

c r a f t  doppler and range data, the  S-band link includes an rf loop and a range 

A normal mode channel from the  ground t o  the DSMCS w i l l  in-  

The down channel w L l l  include 

I n  order t o  obtain meaningful space- 

loop. 

meter per second and 2 15 meters respect ively can be achieved with l i t t l e  power 

and are s u f f i c i e n t  f o r  ex t rac t ion  of the  spacecraf t  doppler and range. 

The present two way doppler and range accuracy of approximately .OO3 

The 
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spacecraf t  rf and range loop w i l l  be es tab l i shed  a t  t h e  ground s t a t i o n  by 

i n i t i a l l y  tak ing  out  t h e  doppler induced by t'ne S-band l i n k  followed by a 

demodulation of a l o c a l  o s c i l l a t o r  which should be i n  synchronism with t'ne 

per iodic  pulse t r a i n s  telemetered wit'n t he  spacecraf t  da ta  from the  DSMCS 

s t a b l e  o s c i l l a t o r .  

than 1 minute f o r  an  escablished near eart'n o r b i t .  

The acqu i s i t i on  time of t'ne uni f ied  S-band l i n k  i s  less 

4.5 CALIBRATION 

A considerable number of tests must be performed on a spacecraf t  

monitor s t a t i o n  located on t h e  e a r t h  before it w i l l  accura te ly  t r ack  a space- 

c raf t .  

Among t h e  ca l ib ra t ion  tests necessary are ' the --Usual subsystem component t e s t s  

of 'each u n i t  u l t imate ly  leading t o  a t e s t  of t h e  e n t i r e  system. of p a r t i c u l a r  

importance f o r  tine DSMCS c a l i b r a t i o n  i s  tine antenna performance tes t  fol lowing 

deployment o r  simply or ien ta t ion .  

It i s  not c l e a r  t'nat an i n f l a t a b l e  o r  r i g i d  antenna w i l l  serve as  the  t r ack ing  

antenna. Tnis w i l l  be determined i n  t h e  system optimization. I n  e i t h e r  case 

t h e  uni f ied  S-band l i n k  w i l l  be es tabl ished f i rs t  t o  a i d  i n  es t imat ing the 

DSMCS t r a j e c t o r y .  

ponents of t he  DSMCS w i l l  be t e s t ed  and ca l ibra ted  according t o  t'ne command 

message given when t h e  DSMCS passes  over a ground s t a t ion .  The components w i l l :  

be checked out successively beginning with checks on t h e  cryogenic ampl i f ie r  

s e n s i t i v i t y  and command s torage and logic .  

a c q u i s i t i o n  dish,  wnich i s  r i g i d ,  be ava i lab le  with known antenna character-  

i s t i c s .  Tne ot'ner components w i l l  be t e s t ed  through the  simple horn antenna 

a t  t'ne normal system frequency preferably t o  a ground s t a t ion .  

t'ne t r ansmi t t e r  and frequency standard may be checked f o r  s t a b i l i t y  by compari- 

son wi th  the  unif ied S-band l ink.  Similarly,  the  b i a s  and d i s t o r t i o n  induced 

by both te lemetry recorders  i s  determined by comparison t o  tine rf phase-lock 

The ca l ih ra t ion  t e s t  f o r  a DSMCS i n  o r b i t , i s ,  of course, more d i f f i c u l t .  

A boresight  e r r o r  and gain must be es tab l i shed .  

Second, having determined the  t r a j e c t o r y ,  t h e  remaining com- 

It w i l l  be assumed tha t  a smaller 

By t'nis method 

l-cnp. F n l l n w i n n  ~ ~ 1 4 h r z a f i n n  & ?--.,e Z Z C S  5ihs;rste-s e ~ m l  I l a t i  nn ~f the  a n t ~ n n g  , .-------- ------ - " A - A *  

is  accomplished. 

s t a b i l i z e d  platform, can be obtained by t racking  selected sources near the  ec l ip -  

t i c  such as 

deployed i f  it i s  not a l ready ,  

The acqu i s i t i on  antenna boresight  b ias ,  w i t h  r espec t  t o  t h e  

t'ne p lane t  Venus o r  Mars. Tne primary antenna w i l l  then be 

Experience with t'ne p a r t i c u l a r  mater ia l  of which . 
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t he  antenna i s  composed w i l l  d i c t a t e  the l e v e l  of calibrat ' ion necessary. 

it i s  probable t ha t  antenna pa t t e rns  w i l l  nave t o  be taken. 

i n  angular width f o r  pa t t e rn  determination, and tine p lane ts  are not s t rong 

enough t o  permit an accurate  determination of sidelobe cha rac t e r i s t i c s .  

ground t r ansmi t t e r  could be used t o  make t'ne pa t t e rn  cuts.  

with both sum and e r r o r  .channels would be processed on t h e  gmund t o  generate 

b i a s  e r r o r s  and pa t t e rn  functions,  i n  order  t h a t  t h e  antenna servo loop character-  

i s t i c s  may be controlled i n  an optimum fashion. A f i n a l  c'neck of t n e  t o t a l  system 

would be i n  t racking  and ranging on a spacecraf t  while simultaneously t racking  

wit'n a ground system. 

spacecraf t  would not be great  i f  t h e  DSMCS frequency were selected as a mult iple  

of t'ne unif ied S-band s igna l  so t'nat most components could serve dua l  duty. 

However, 

Tine sun i s  too large 

A st rong 

Cuts i n  bot'n planes 

A weight penalty of two t ransmit  frequencies on such a 

4.6 ACQUISITION 

The g r e a t e r  operat ional  uncertainty i n  placing most loop c o n t m l  

poin ts  at t h e  ground s t a t i o n  near  the  la rge  d a t a  processors occurs during acqui- 

s i t i o n .  It i s  very improbable t h a t  t he  acqu i s i t i o r  by t h e  DSMCS of a spacecraf t  

could be accomplished during a s ingle  pass over one ground s t a t i o n .  Thus, ac- 

q u i s i t i o n  would require  severa l  'orbits t o  complete and v e r i f y  each s t ep  of the  
acqu i s i t i on  pv.,- *dbbhb.  r > L 3 -  - This  i s  not t o o  s ign i f i can t  a penalty considering t h a t  ac- 

q u i s i t i o n  should only be necessary once f o r  every spacecraft  mission t r ack .  A t  

t h e  ou t se t  of acqu i s i t i on  it i s  assumed t h a t :  t h e  DSElCS has been ca l ibra ted ,  the 

D m S  o r b i t  has been accurately establ ished,  and the  S-band l i n k  has been refined 

t o  the  l e v e l  t h a t  t h e  a f f ec t  of t h e  DSWS t o  e a r t h  range r a t e  can be e f f i c i e n t l y  

eliminated and t h a t  tne  DSMCS s tab le  o s c i l l a t o r  pulse t r a i n  can be e f f e c t i v e l y  

s t r ipped  from the unified S-band telemetry so  t'nat time d i s t o r t i o n s  due t o  the  

magnetic storage medium a re  eliminated. Also it w i l l  be assumed t'nat command 

pDwer during i n i t i a l  acquis i t ions  i s  radiated from a ground s t a t i o n  because of 

t he  DSMCS average power l imi t .  

much longer. 

Acquisit ions from DSMCS comand wouid take 

Tne acqu i s i t i on  procedure f o r  t he  shor t  range port ion of t he  space- . 

c r a f t  f l i g h t  using the acqu i s i t i on  antenna would be e s s e n t i a l l y  t h e  same a s  t h a t  

Of t h e  long-range sec t ion  using the  long-range d i s h  if it i s  necessary. I n  both 

SGC 920~~-1 
Volume I1 

. 



I 
instances  the  i n i t i a l  spacecraf t  i l luminat ion by the  ground s t a t i o n  i s  achieved 

by d i r e c t i n g  t'ne ground aper ture  and the  DSMCS aper ture  towards t h e  spacecraf t  

t r a j ec to ry  predicted by e a r l i e r  t racking instruments. The t ransmit  o s c i l l a t o r  

i s  swept per iodica l ly  during this i l luminat ion s o u t h a t  t he  c a r r i e r  w i l l  d e f i n i t e l y  

f a l l  within the  spacecraf t  loop bandwiclth. Once spacecraft  lock i s  achieved the  

spacecraf t  t r ansmi t t e r  responds coherently, a f ixed  frequency o f f s e t  from the  

receive c a r r i e r .  

t o  the  ground processors along with tine t r ansmi t t e r  o s c i l l a t o r  record.  

ground processor recognizes rf lock i n  delayed t i m e  when tine l o c a l  phase-lock 

loop sweeps i n  synchronism with t h e  t ransmi t te r  o s c i l l a t o r  including b i a s  e r r o r s  

such as transmission t i m e .  

The DSMCS w i l l  then record t h e  received energy f o r  retransmission 

The 

Once rf lock is ver i f i ed  tine ground o s c i l l a t o r  i s  programmed t o  

slowly reduce t'ne sweep rate and width and move toward a convenient operat ing 

frequency. This frequency i s  selected so t'nat t h e  doppler count a t  t h e  pro- 

cessor  remains wi th in  the  range of the counters ava i lab le .  If a noncoherent 

demodulation i s  implemented f o r  t he  AGC and antenna e r r o r  s igna l s  a t  DSMCS, t h i s  

frequency o f f s e t  could be very c r i t i c a l .  

t he  ground s t a t i o n  back through t'ne spacecraf t  u n t i l  a s t a b l e  poin t  i s  reached. 

A range check i s  then m d e  by i n i t i a t i n g  the  bas ic  range clock modulation. 

doubt e x i s t s  as t o  whether o r  not any s ign i f i can t  improvement i n  r e l i a b i l i t y  or 

Tne program o s c i l l a t o r  i s  tracked a t  

Some 

f l e x i b i l i t y  can be achieved by put t ing  t h e  range code generator a t  t h e  ground 

s t a t ion .  

acqu i s i t i on  t i m e .  

until t h e  range loop locked onto t h e  clock b i t  which would produce a range 

ambiguity once every clock b i t .  

of t he  range code, the  ambiguities would be eliminated. 

rqnge lock, t he  l o c a l  range stream i s  pe r iod ica l ly  sh i f ted  t o  maintain cor re la -  

t i on .  Tne s h i f t i n g  r a t e  i s  recorded pe r iod ica l ly  f o r  ve loc i ty  t racking.  After  

a c q u i s i t i o n  i s  complete, range codes from DSMCS a r e  l imited by t h e  5 minute 

Ranging would be accomplished a t  the  ground a t  t h e  expense of increased 

The spacecraf t  transponder would repeat  t he  range modulation 

By successive addi t ions  of su i t ab le  components 

Following a complete 

command period o r  a ,6 rttrlge au2uiguit--, m-- 'I.--& r+-n 4 . 1  +&a a n n r T i c i + i n n  
"urcLI-A""'- npcI- C -  A l l C  L U U U  U U L Y  & A i  V I A L  

cedure i s  cor rec t ing  the  antenna boresight.  

evaluated along w i t h  tine spacecraf t  t r a j e c t o r y  and antenna servo loop dynamics 

t o  produce appropriate  con t ro l  s igna ls  f o r  t he  servo system. 

Tne e r r o r  s igna ls  a r e  f i l t e r e d  and 

' .  
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Figure 4.2-1. Communication System Block Diagram 
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DISCIPLINE TRADEOFF ANALYSIS - PERFORMANCE vs WEIGHT/VOLUME 
WITH INTERFACE CONSIDERATIONS . _  5.0 . .  

* -  5.1'  . INTRODUCTION 

The primary goal  of t h e  t radeoff  ana lys i s  i s  t o  e s t a b l i s h  a pre- 
I 
j 
I f e r r e d  satel l i te  configuration. 

c r i t i c a l  areas and t o  show how subsystem i n t e r r e l a t i o n s h i p s  a f f e c t  t h e  t o t a l  

system performance. 

, performance i s  t h e  channel capaci ty  from t h e  deep space spacecraft  t o  t h e  DSEICS. 

The func t iona l  re la t ionships  which were taken from t h e  many d i s c i p l i n e s  a l ready 

discussed and which lead t o  a preferred satel l i te  configuration are included i n  

Figure 5.1-1. The configuration evolved from a method similar t o  Figure 5.1-1. 

The a c t u a l  method' required considerably more i n t e r r e l a t i o n s h i p s  which are not 

Secondary object ives  are t o  point  out  t h e  

The goodness c r i t e r i a  f o r  maximizing the  t o t a l  system 

ncluded they  would only confuse t h e  e s s e n t i a l  operations described 

e. These f u r t h e r  re la t ionships  should become c l e a r  as t h e  r e s u l t s  

a r e  pre sented . 
The ranges of the parameters considered i n  the t radeoff  were re- 

s t r i c t e d  e i t h e r  by l i m i t s  es tabl ished by the  customer o r  matters of p r a c t i c a l i t y .  

The frequency racge was from 2 t o  100 gigahertz .  

a l t i t u d e  were constrained'by the capabi l i ty  of two boosters,  T i tan  3C, and Saturn 

The shroud diameter s i z e s  4.0 meters (13 f e e t )  and 4.6 meters (13 feet)  

f o r  t h e  Ti tan and 6 . 1  meters (20 f e e t )  for t h e  Saturn represent t h e  l a r g e s t  s o l i d  

antenna s i z e s  possible .  

p a t i b l e  with t h e  1975 system design freeze although much of t h e  equipment proposed 

i s  a v a i l a b l e  now. 

The payload mass and operating 

- lJ3. 

The equipment s ta te -of - the-ar t  w a s  extended t o  be com- 

The spacecraft  terminal of a deep space communication l i n k  was 

a l s o  considered i n  t h e  computation of Figure 5.1-1. 
t i o n  regarding t h e  spacecraf t  was t h a t  i t s  antenna i s  a rea  l imi ted .  

considerat ion was given t o  the  spacecraft  t r a n s m i t t e r  conversion efficiency-. 

The most important assump- 

I n  addition, 

The goodness c r i t e r i a  f o r  ' this study was the  channel capaci ty  from 

t h e  spacecraf t  t o  t h e  DSWS s a t e l l i t e .  

important t o  achieve an e f f e c t i v e  s a t e l l i t e  design, cos t  arld r e l i a b i l i t y .  
A t  l e a s t  two o t h e r  f a c t o r s  a r e  j u s t  as 
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p t . I. - 

This e f f o r t  was r e s t r i c t e d  t o  b i t  r a t e  s ince  it i s  the  f i rs t  study phase and i s  

intended t o  inves t iga t e  t echn ica l  f e a s i b i l i t y .  
i ' , .  

Throughout t h e  stufiy, however, 

. r  both cos t  and r e l i a b i l i t y  were imp l i c i t l y  considered. For example, i n  the  s ta te-  i 
I 
i ' of - tbe-ar t  equipment surveys the  equipment spec i f i ca t ions  were general ly  ex t r a -  
t 

polated i n t o  the  fu ture  from avai lab le  commercial equipment without demanding a 

cost ly  new device o r  technique 
. .. 

, i n  order t o  achieve the  predicted spec i f ica t ions .  

I Also,  t h e  subsystems se lec ted  f o r  incorporation i n t o  DSMCS exhibited r e l i a b i l i t i e s  

i n  excess of one year a t  present o r  are ant ic ipated t o  have r e l i a b i l i t i e s  exceed- 

. .  
fo re  reviewing the  conclusions r e s u l t i n g  from t h e  i terative pro- 

cedure described i n  Figure 5.1-1, some i n t e r e s t i n g  subsystem re l a t ionsh ips  evolv- 

5.2.1 m r m  . c  

Antenna ga in  a s  a functlon of mass and frequency a r z  shown i n  Figure 

5.2.1-1 and 5.2.1-2 f o r  the antenna t f ies ,  s ing le  s o l i d  garaboloid and p e t a l  

paraboloid. These configurations were se lec ted  because they provide maximum gain 
- -  

f o r  t h e  expected launch and o r b i t a l  environmznt. The so l id  paraboloid i s  shor t  

of t h e  thermal d i s t o r t i o n  gain l i m i t  f o r  t he  Saturn 1B normal shroud s i ze  and 

the  t o p  study 'frequency 100 gigahertz. The p e t a l  s t ruc tu re  i s  manufacturing 

l imited before the  shroud l i m i t  i s  reached f o r  100 gigahertz. By extrapolat ing 

the  manufacturing and deployment a r t ,  a gain l i m i t  a t  100 gigahertz w i l l  e x i s t  

beyond t h e  standard Saturn 1B shroud. However, t he  p e t a l  s t ruc tu re  w i l l  be 

heavier  than t h e  s o l i d  f o r  the  same gain and diameter. It w i l l  be shown t h a t  the  

I 

' petal  antenna i s  advisable f o r  t h e  Titan because of t he  shroud aspec t .  A l l  t he  

o t h e r  antenna types studied with t h e  exception of an a r r ay  of so l id  paraboloids 

were found t o  provide much lo-der gain f o r  t h e  same operational environment. The 

arrq M ~ C  r x t  cnnqf.r?nrd f u r t h e r  because the  improvement i n  gain over t h e  so l id  

d i s h  i s  s m a l l  and t h e  feed problems associated with a common low noise receiver  

and t r v l s m i t t e i  are d i f f i c u l t  a t  t he  higher  frequencies.  
l 
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I .  thickness of the s ing le  paraboloid and p e t a l  paraboloid 

antenna was found t o  be independent of t h e  antenna s i z e  f o r  t h e  usable diameter 

range. 

average thickness  w i l l  be 4.0 and 5.5 mill imeters f o r  t h e  so l id  and p e t a l  

Invar, which i s  required because of thermal d i s t o r t i o n  d i f f i c u l t i e s ,  

antenna respectively.  

can be seen i n  Figure 5.2.1-3 where the required shielding as a funct ion of  a l t i -  

tude f o r  1 and 2 years  i s  shown. 

proton e f f e c t s  a t  g rea t e r  than 2 years and only above 1300 kilometers, f o r  the  

so l id  antenna and 1650 kilometers f o r  t h e  p e t a l  antenna. The add i t iona l  proton 

shielding not provided by t h e  antenna may be accomplished by a local sh ie ld  

near the e l e c t r o q i c s  where it is  needed. 

"he effect iveness  of t h e  antenna, as a r a d i a t i o n  sh ie ld  

The antenna mass i s  adequate f o r  a l l  bu t  

. .  
5.2.2 POWER SYSTEM 

I ,  

I n i t i a l l y ,  e i g h t  power p r o f i l e s  were recommended f o r  t h e  DSMCS. 
A 1.5 kilowatt  and a 7.5 kilowatt  continuous load weresuggested t o  represent 

t h e  general  housekeeping power, and maximum cryogenic system p lus  housekeeping 

power, respec t ive ly .  Peak powers of 30 kilowatts  and 100 ki lowatts  were sug- 

gested f o r  5 minute/hour and 15 .ninute/day, f o r  the  purposes of command. 

sequent study has indicated t h a t  t h e  higher command power energy requirements 

are p roh ib i t i ve  as  i s  t h e  30 kilowatt  command power f o r  periods g rea t e r  than 

5 minutes due t o  thermal cont ro l  d i f f i c u l t i e s .  The 7.5 kilowatt  maximum con- . 

t inuous load i s  pr imari ly  due t o  the  cryogenic r e f r i g e r a t i o n  system which may 

require up t o  6 ki lowatts  power. 

of high r e l i a b i l i t y  operating on the  ground. Laboratory developments ind ica te '  

t h a t  the  r e f r i g e r a t i o n  input power f o r  space appl icat ions may be reduced t o  a s  

low as  500 watts  by 1975. Hence, a large unce r t a in i ty  e x i s t s  as t o  the required 

cryogenic r e f r i g e r a t o r  power consumption. 

comments, p r o f i l e s  B and E (detailed i n  Volume 111, Section 4.2) were se lec ted  

t o  r ep resen t  t h e  most probable power p r o f i l e s  f o r  the DSES. 

WOE* 

r e l a t i v e l y  high housekeeping load occurs. 

Sub- 

This number i s  taken from e x i s t e n t  systems 

On t h e  basis of t he  preceding 

P r o f i l e  B i s  a 

m o d e l  where an i n e f f i c i e n t  cryogenic closed loop r e f r i g e r a t o r  and a 

P r o f i l e  E represents  e i t h e r  an open 

loop cryogenic sy.stem and high housekeeping power requirements or m e f f i c i e n t  

closed loop r e f r ige ra t ion  system and minimal housekeeping power requirements. 
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m e  energy requirements f o r  p r o f i l e  B o r  E may be met by e i t h e r  an 8 .  

. -  . - RTG o r  a s o l a r  c e l l  power system. 
' 

Stored chemical energy mass such as a f u e l  

c e l l  requires  over 10,000 kilograms i n  one year f o r  p r o f i l e  E. 

s o l a r  c e l l  power subsystems were compared s t r i c t l y  on the  b a s i s  of the  mass of 

each system the s o l a r  c e l l  system would be superior  by a r a t i o  of 2:l. 

mum a l t i t u d e  a t  which t h e  DSMCS may t rack t h e  spacecraf t  is j u s t  below and i n  

If t h e  RTG and the  

The mini- 
' 

' - t h e  lower rad ia t ion  b e l t s .  The s o l a r . c e l 1  power system output as a f'unction of 

t i m e  and a l t i t u d e  i s  shown i n  Figure 5.2.2-1 and p r o f i l e  B power leve l .  

t o  generate t h e  power l e v e l  demanded by t h e  two p r o f i l e s  a t  the end of the DSMCS 

mission, surplus  s o l a r  c e l l s  must be added. 

I n  order  

The ex t ra  power ava i lab le  with these 

rovide a safety margin f o r  the  earlier mission phases. The parer  

supply b a t t e r y  is  s ized t o  u t i l i z e  t h i s  power r a t h e r  than  d i s s i p a t e  it. 

"he comparison of the two types of power systems i s  d i f f i c u l t  be- 

cause of the  complex in te r re la t ionships  of s o l a r  c e l l  de te r iora t ion ,  operation 

' a l t i t u d e ,  thermal rad ia tor  s izes  and a l s o  t h e  moment of iner t ia  imbalance induced 

The t o t a l  mass of the two types of systems will be compared 

as a function of the mission duration. Figure 5.2.2-2 shows the basic  so la r  c e l l  

power supply mass required i n  order t h a t  p r o f i l e  B power i s  avai lable  a t  the  t i m e  

indicated on the abscissa.  

designed t o  rl 

r a d i a t o r s .  Thermal energy generated by the e lec t ronic  package and cryogenic r e f r i g -  

e r a t o r  output w i l l  be radiated i n  the RTG system o r  through rad ia t ing  panels f o r  

t h e  s o l a r  t e l l  power system. 

time f o r  a 300' Kelvin r a d i a t o r  i s  added t o  t h e  bas ic  power supply weight i n  Figure 

5.2.2-2. 

D e t a i l s  regarding the  ACS mass w i l l  be reviewed i n  another section. 

' . '  by t h e  s o l a r  panels. 

The RTG mass i s  shown f o r  comparison. The RTG i s  

e x c e ~ ~  h e a t  generated by i tself  w i t h n i i t  addi t iona l  thermal 
0 

The required rad ia t ing  panel weight as a function of 

A s  thepanels increase  i n  s ize  the ACS system mass increases rapidly.  

However, 

t h e  ACS mass which is  d i r e c t l y  accountable t o  the increased nonent of i n e r t i a  

due t o  the  l a r g e r  panels has  a l s o  been added i n  the f igure .  

RTG mass with the t o t a l  s o l a r  c e l l -  system mass ind ica tes  c l e a r l y  t h a t  the 

RTG mass i s  lower above 1,000 kilometers a l t i t u d e  f o r  periods a s  short  as  

one year.  

A comparison of  

A similar p l o t  of the basic power supply and componeni w e i g h t s  Chi-ge-  

a b l e  to the  power supply f o r  prof i le  E i s  shown i n  Figure 5.2.2-3. Since the 

panels a r e  shor te r  i n  p r o f i l e  E, the ACS does not become a problem a s  quickly 
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as i n  p rof i le  B; however, the  cutoff point remains about the same. Above 1100 

kilometers, the  KTG i s  l i g h t e r  than the s o l a r  c e l l  system f o r  grea te r  than one - 
year l i fe t imes .  

I-. . 

- The weight of the antenna may be traded with t h a t  of the  t r a n s -  

mi t te r  power supply i n  t h e  command mode o r  with t h e  cryogenic receiver  weight 

i n  the  receive mode. I n  e i t h e r  case the i n t e n t  i s  t o  minimize the  s a t e l l i t e  
mass f o r  a given performance level .  A t  t h e  shroud l i m i t  the  sol id  paraboloid 

antenna exhib i t s  a g a i n  slope of .23 db per 100 kilograms mass added t o  t h e  

s a t e l l i t e .  Including transmitter conversion e f f ic iency  t h e  imp-ovement i n  power 

l e v e l  f o r  the  same increase i n  mass of the  t ransmi t te r  i s  less than 1/3 t h a t  f o r  

t h e  antenna. 

tude operating f o r  one year, which i s  the  most op t imis t ic  case. 

mum command capabi l i ty  the system weight i s  b e s t  invested i n  t h e  antenna s t ruc ture .  

This i s  on t h e  bas i s  of a s o l a r  c e l l  system a t  750 kilometers a l t i -  

Thus, f o r  maxi- 

F'urther, the  primary DSMCS mission objective i s  t o  receive, which requi res  t h e  

m a x i m u m  co l lec t ing  aperture.  

of a receiver  and associated cryogenic equipment and the antenna, a comparison 

of the effect iveness  of a closed loop with an open loop cooling system i s  re- 

quired. 

t e c t o r .  

rapidly above 4.2O Kelvin. 

Before a comparison may be made between the weight 

The probable receiver  i s  a cooled maser amplif ier  followed by a de- 

Present maser amplif ier  noise temperatures and gain d e t e r i o r a t e  very 

Parametric amplif iers-  a r e  expected t o  operate con- 

t inuously over a la rge  temperature range down t o  l i q u i d  helium temperatures but  

unfortunatesly work above 20 gigahertz i s  very new and uncertainty e x i s t s  as t o  

whether they w i l l  ever operate e f f e c t i v e l y  at 100 gigahertz.  Thus, it must be 

assumed t h a t  a 1/2 w a t t  heat load at 4.2' Kelvin i n  present maser systems i s  

necessary f o r  receiver  operation. 

A comparison of the various conponent masses necessary t o  supply 

t h e  1/2 watt heat  load a t  4.2' Kelvin i s  included i n  Figure 3.2.2-4.The load msy 

be supplied by e i t h e r  a large Dewar o r  a closed cycle r e f r i g e r a t i o n  system which, 

of course, must be Sacked up by an energy source. 

necessary helium f o r  exirackiIlg i ledt bj- v a p o ~ ~ z a - b ~ ~ z ,  k w a r  i f i 5 l l l R t . i  nn s u f f i c i e n t  

t o  reduce rad ia t ion  l o s s  t o  negligible l e v e l s  and leak-off due t o  conduction 

losses .  The so lar  c e l l  and FQG p lo ts  represent the mass required t o  supply the 

energy t o  a s i x  ki lowatt  closed cycle r e f r i g e r a t o r .  

A Dewar p l o t  includes the 

3 

Clearly, the Dewar mass 
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exceeds’ that  of t he  RTG and the  so l a r  c e l l  system with one exception beyond 

’ i/2 year. Only when t h e  so l a r  c e l l  system I s  i n  t he  high r ad ia t ion  region a t  ’ . .  

1650 kilometers does i t s  mass become g rea t e r  than  t h a t  of t he  Dewar. 

e f f i c i e n t  closed cycle systems represented by t h e  3 kilowatt  RTG p l o t  would 

Simply shorten t h e  time during which the  open loop system i s  superior .  

More 

ATTITUDE CONTROL SYSTEM 

The a t t i t u d e  control  system was one of the  most s ens i t i ve  sa t e -  

’ ’ l l i t e  subsystems t o  the  t o t a l  DSMCS configuration. The s t a b i l i z i n g  torques t o  

counteract magnetic f i e l d  force,  aerodynamic pressure force  and s o l a r  pressure 

force were found t o  be small compared t o  g rav i ty  gradient  torque. The s t rong  

configuration dependence i s  due t o  the very la rge  moment of i n e r t i a  caused by 

the  deployed s o l a r  panels. The ACS system f o r  t he  2 year,  p ro f i l e  B RTG con- 

f igu ra t ion  mass i s  435 kilograms (956 l b s )  a t  750 kilometers, decreasing above 

t h i s  po in t  as t h e  cube of the  dis tance from the  center  of t he  e a r t h  and thus  

i s  qu i t e  reasonable. From what already has been discussed it should be c l e a r  

t h a t  t h e  a rea  of t he  s o l a r  panel i s  a funct ion of the power p r o f i l e  and the  

DSMCS mission durat ion and a l t i t g d e .  

f o r  p r o f i l e  E, 750 kilometers a l t i t ude ,  and a one year mission durat ion.  

t he  panel assembly could be implemented t o  produce a 10 meter wide panel, t h i s  

p a r t i c u l a r  case would require.-a panel 10 meters long a l so .  This configurat ion 

e s t ab l i shes  a s t rong  moment of i n e r t i a  i n  two planes.  The moment i n  t h e  plane 

orthogonal t o  these  two i s  an  order of magnitude lower. Because the  grav i ty  

The smallest  s o l a r  c e l l  area i s  required 

If 

’ ’  

gradient  torques a re  proportional t o  t he  d i f fe rence  i n  the moments of i n e r t i a  

a long orthogonal axes, the  ACS s i z e  t o  balance t h i s  r e l a t i v e l y  small s o l a r  

panel i s  prohib i t ive  f o r  the  very h i &  DSMCS s t a b i l i t y  requirements. 

required t o  counteract the  grav i ty  gradient torque may be subs t an t i a l ly  reduced 

by balancing the  moments of i n e r t i a  along the  three  rectangular  orthogonal 

axes. 

the plane formed by the axes of t he  l a rge r  moments of i n e r t i a ,  a low di f fe rence  

i n  moments of i n e r t i a  may be achieved. 

The ACS 

. 

By pro jec t ing  a fixed mass such as  t h e  b a t t e r y  i n  a d i r ec t ion  normal t o  

The deployed mass must be f ixed  i n  posi-  

t i o n  r e l a t i v e  t o  t he  center  of mass i n  order t o  maintain t h e  balance. A l l  of 

t h e  s o l a r  c e l l  configurat ion designs employed t h i s  technique t o  achieve balance 

and the re fo re  reasonable ACS s i ze .  

t h e  moments and t h e  ava i lab le  ba t t e ry  mass. 

The length of t h e  boomwas adjusted t o  match 
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. The ACS mass f o r  t h e  balanced (equal moments of i n e r t i a  along each 
- rectangular  *orthogonal axes) s a t e l l i t e  i s  given f o r  p r o f i l e s  B and E i n  Figures 

The panel width was set a t  a r a t h e r  op t imis t ic  10 meters. 5.2.3-1 and 3.2.3-2. 
A double fo ld  from e i t h e r  side of a 3.3 meter panel  i s  a suggested method of de- 

. . ploying t h i s  a r r a y  width. A narrower panel would raise t h e  moment of i n e r t i a  

.. , very rap id ly  s ince  it i s  proport ional  t o  the  length  of t h e  a r r a y  squared. For 
. example, t h e  B p r o f i l e  ACS’s mass would near ly  quadruple fo r  a f i v e  meter wide 

. panel.  The i n i t i a l  maneuver f u e l  i s  less than 5% of the  f i rs t  year ’s  consumption 

on a 500 kilogram ACS. A redundant system is  assumed f o r  a l l  the  ACS masses‘ 

. g i v e n .  Separate f u e l  containers  and valve systems are incorporated t o  maximize 

Balanced ACS systems of more than 1,000 kilograms requi re  ~- t h e  ACS r e l i a b i l i t y .  

boom lengths  normal t o  the  s o l a r  c e l l  plane g r e a t e r  than 10 meters. 

yond t h i s  length  are possible,  however, t he  deployment and thermal bending once 

deployed become The boom weight r e l a t i v e  t o  t h e  b a t t e r y  a l s o  

becomes appreciable  i n  order  t o  maintain t h e  b a t t e r y  loca t ion  relative t o  the  

center  of mass beyond 10 meters. 

Booms be- 

r ious  problems. 

Balance problem a l so  occur f o r  t h e  s o l a r  

, .  

i 
. .  -. 

panels because when the panels are rotated,  balance i s  upset .  

t o  r o t a t e  t h e  boom and weight t o  maintain i t s  r e l a t i o n  normal t o  t h e  so l a r  c e l l  

a r r a y  but  t h i s  i s  preferably avoided i f  a t  a l l  possible .  

permit t h e  t racking antenna t o  move with respect  t o  t h e  s a t e l l i t e .  

sensors and ACS on t h e  antenna and t o  a l e s s e r  degree on the  s a t e l l i t e .  

One so lu t ion  i s  

Another approach i s  t o  

This requi res  

. .  
The pos i t ion  of t h e  t racking antenna and the  ACS system nozzles 

. r e l a t i v e  t o  t h e  star t r acke r  w i l l  vary due t o  the  thermal and mechanical loads 
0 on t h e  s t r u c t u r e .  With ca re fu l  des ign ,  a maximum alignment e r r o r  of .O’j i s  an- 

t i c i p a t e d .  This i s  comparable t o  t he  smallest beam width and thus  would cont r i -  

bu te  t o  t r a j e c t o r y  ca lcu la t ion  e r r o r  and search time during i n i t i a l  acquis i t ion .  

With f l i g h t  experience t h i s  e r r o r  may be taken out by es t ab l i sh ing  t racking  an- 

tenna b i a s  as a funct ion of s a t e l l i t e  a l t i t u d e  and o r i en ta t ion  with respect  t o  

t h e  sun. The b i a s  may be evaluated per iodica l ly  by t racking  known rad io  sources 
“Ann +LA 2 2 - . . - - L Z - -  -.o I1.- 

. U L U A  U L I C  U I A C L b A L J L l  V I  b i l e  Sgacecr-d.ff. 
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5.2.4 SPACECRAFT AFIQCTS 

Although deep space spacecraft  have not been configured i n  d e t a i l  

f o r  post-1973 missions, some generalizations can be made regarding t h e i r  charac- 

t e r i s t i c s  as  a deep space communication terminal.  
1 

An area l imited spacecraf t  

.antenna i s  assumed here. The shroud size of t h e  probable boosters needed f o r  
. the  spacecraf t  preclude gain limit antennas as long as  the proper materials and 

antenna types are implemented. Solid surface antennas such a s  suggested by 

DSMCS would be used, 

a t  both terminals  using the expected conversion e f f i c i e n c i e s  of a 100 watt p lus  

' t ransmi t te r  i s  s h a m  i n  Figure 5.2.4-1. The expected t ransmi t te r  e f f i c i e n c y  f o r  

t h e  1975 era i s  seen t o  be high. 

.problem i f  t h e  antenna s ize  and operating frequency push the gain t o  60 decibels .  

The- spacecraf t  ACS mass i s  not comFarable t o  t h a t  of the  DSMCS s ince t h e  dom- 

inant  f o r c e  f i e l d s  near t h e  e a r t h  a r e  negl ig ib le  i n  in te rp lane tary  media. 

,detai led a n a l y s i s  of t h e  spacecraft  ACS problem i s  beyond t h e  scope of t h i s  study. 

Rowever, e f f o r t  w i l l  be made t o  keep the operat ing frequency as low as  possible  

if it does not compromise channel capacity i n  order t h a t  the  spacecraf t  ACS mass 

i s  minimized. 

The frequency dependence of an aperture  l imited antenna 

. .  

A spacecraft  ACS w i l l ,  of course, be a ser ious  

A .- 

RESULTS 
0 

The preceding discussion descr ibes  t h e  t radeoff  s whereby s p e c i f i c  

subsystem hardware and c h a r a c t e r i s t i c s  were selected i n  order t o  achieve com- 

p a t i b i l i t y  w i t h  each o ther  and t o  minimize o v e r a l l  mass and t o  maximize receive 

channel capacity.  

frequency, s a t e l l i t e  a l t i t u d e ,  s a t e l l i t e  weight and booster type, a r e  selected 

here as a funct ion of the  mission of the spacecraf t  t o  be tracked. 

The major DSMCS system parameters, including t h e  operating 

5-30 1 F REQUE MC Y 

The study frequency range i s  2 t o  100 gigahertz.  The components 

which a f f e c t  the  operat ing frequerlcy s e l e c t : ~ ~  ?X t h e  C n - ~ = ~ ~ ~ ~ t .  -- -- t . ransmi  t t e r  

and antenna, the DSMCS antenna and receiver ,  and t h e  frequency s t a b i l i t y  of t h e  

source o s c i l l a t o r  and t h a t  of the  detect ion o s c i l l a t o r .  I n  t h e  case of both t h e  

s a t e l l i t e  and t h e  spacecraft  antenna, the  r e f l e c t o r  surface i s  assumed t o  be 
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s u f f i c i e n t l y  smooth t h a t  t h e  antenna i s  not  gain l imited over t h e  frequency 

range of interest. 

cates t h a t  the antenna would be gain l imited beyond 100 gigahertz  i f  a s o l i d  

d i s h  i s  used. The s o l i d  satel l i te  antenna i s  j u s t  s h o r t  of the  gain l i m i t  f o r  

t h e  'standard Saturn shroud diameter (6.1 meters).  This is  a l s o  t r u e  f o r  t h e  

satelli$e p e t a l  antenna i? manufacturing technology i s  extrapolated i n t o  t h e  

1970's. An area l imi ted  antenna at  both terminals produces a communication 

link channel capaci ty  which i s  proportional t o  t h e  frequency squared. 

an apparent advantage of 34 decibels  occurs between a 2 gigahertz  and a 100 
gigahertz system. 

'crease i n  e f fec t iveness  of equipment as t h e  operat ing wavelength becomes small ' 

. 
The r e l a t i v e l y  small s ize  of t h e  spacecraf t  antenna indi-  

i 

Thus, 

Other f a c t o r s  reduce t h i s  advantage due t o  the general  de- 

0 . .  " . compared t o  t h e  components. . ,  

A survey of t h e  candidate spacecraf t  t r a n s m i t t e r s  i n  t h i s  frequency 

range a v a i l a b l e  f o r  t h e  1975 e r a  indicate  t h a t  t h e  frequency dependence i s  such 

t h a t  t h e  t r a n s m i t t e r  conversion eff ic iency i s  f o u r  dec ibe ls  poorer a t  100 &a- 
her tz  than a t  2 gigahertz .  

t o  range f r o m  25'K t o  40°K f o r  the  2 t o  100 gigahertz  range. 

a system noise temperature increase of two dec ibe ls .  The channel capaci ty  loss 

induced by rece iver  and t r a n s m i t t e r  frequency s e n s i t i v i t y  over the range i s  s i x  

dec ibe ls .  

higher antenna gain a t  100 gigahertz,  it i s  c l e a r  t h a t  a 100 gigahertz  system , 

provides t h e  maximum channel capacity.  There are, however, two o t h e r  equipments 

which must be considered, o s c i l l a t o r  s t a b i l i t y  and both t h e  satel l i te  and space- 

craft a t t i t u d e  cont ro l  system. 

is of reasonable s i z e  except for t h e  extreme case of very l a r g e  s o l a r  panels. 

The s a t e l l i t e  system noise  temperature i s  expected 

This r e f l e c t s  i n  

When compared with t h e  34 decibe l  advantage ~ h i c h  OCC'JSS from the  

The s a t e l l i t e  ACS f o r  the  100 gigahertz  system 

The ultra s tab le  platform with a 100 gigahertz system provides t h e  low angular 

. t r a c k i n g  e r r o r  needed for f u t u r e  deep space missions. L i t t l e  can be said about 

t h e  spacecraf t  ACS, since t h e  s i z e  of t h e  system i s  s t rongly re la ted  t o  t h e  yet-  

to-be-designed spacecraft .  The ACS system w i l l  d e f i n i t e l y  require an improve- 

ment i n  t h e  present s ta te-of- the-ar t  of spacecraft  a t t i t u d e  cont ro l  system. 
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Local o s c i l l a t o r  phase noise of a phaserlock loop system f o r  a 
' given o s c i l l a t o r  s t a b i l i t y  i s  d i r e c t l y  propor t iona l  t o  the  operat ing frequency 

and inversely proport ional  t o  the  phase lock loop bandwidth. 

loop bandwidth i s  usual ly  made s u f f i c i e n t l y  narrow i n  order t o  keep the  receive 

, c a r r i e r  above t h e  threshold and broad enough t o  prevent the  phase noise  of t h e  
' 

l o c a l  o s c i l l a t o r  from becoming appreciable compared t o  the  input  noise.  

sen t  o s c i l l a t o r s  which are control led by atomic standards f o r  long term s t a b i l i t y  

produce shor t  term phase noise of ,073 radians r e  i n  a t en  he r t z  rf bandwidth 

a t  10 gigahertz.  

a similar phase noise should be exhibited i n  1975 f o r  a 100 gigahertz  system i n  

' 1. 

The phase lock 

f i e -  

By ex t rapola t ing  o s c i l l a t o r  s t a b i l i t y  t rends -from, 1958 t o  1966, 

* '  a ten-her tz  bandwidth. 

itself is- exce l len t .  

below t h a t  due t o  thermal noise i s  indixed by the  source t r ansmi t t e r  o s c i l l a t o r  

a s  we l l  as t h e  rece iver  o s c i l l a t o r .  

I spacecraf t  loop i n  real  time from DSMCS, t he  burden of achieving both long-term 

and short-term s t a b i l i t y  f a l l s  on t h e  spacecraf t  o s c i l l a t o r .  

course, incorporate such an o s c i l l a t o r .  Thus, a 100 gigahertz c a r r i e r  may be 

implemented i n  a deep space channel, but it does require  a r e l a t i v e l y  soph i s t i -  

The long-term s t a b i l i t y  offered by the  atomic standard 

The phase noise which i s  usua l ly  kept an order  of magnitude ' 

Since it i s  not  p r a c t i c a l  t o  c lose  t h e  DSMCS 

DSMCS w i l l ,  of 

t 

cated o s c i l l a t o r  a t  t he  spacecraf t .  

Recent research,  i n  de tec t ion  theory? ind ica tes  t h a t  a subs t an t i a l ly  

lower spacecraf t  t r ansmi t t e r  power w i l l  be necessary f o r  a one-way communication 

channel compared t o  a two-way closed loop channel due t o  the reduction i n  detec-  

t i o n  e f f ic iency  a t  the  e a r t h  terminal  rece iver  caused by the noisy c a r r i e r  a t  

t h e  spacecraf t  i n  t h e  two-way system. 

l a t i o n  index (por t ion  of t o t a l  power i n  t h e  c a r r i e r )  i s  selected f o r  minimum 

b i t  e r r o r  r a t e ,  the noise on the c a r r i e r  derived from the  ea r th  t o  spacecraf t  

It i s  shown f u r t h e r  t h a t  when t h e  modu- 

l i n k  causes an i r reducib le  e r r o r  on the spacecraf t  t o  ea r th  l i nk .  This may be 

remedied by employing a c lean s t ab le  o s c i l l a t o r  a t  t he  spacecraf t  o r  r a i s i n g  the  

- comand power. The necessary increase i n  command power i s  a funct ion of many 

loop parameters. For a t y p i c a l  two-way sys ten  where the  spacecraf t  t o  e a r t h  

- -channel  b i t  e r r o r  r a t e  i s  l o 3  the c a r r i e r  t o  l6op noise a t  the  spacecraf t  must 

. be g r e a t e r  than 16 dec ibe ls .  
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. .  

I n  summary, the preferred operating frequency i s  100 gigahertz.  The 

preferred frequency i s  r e l a t ive ly  independent of the spacecraf t  mission. 

specif icat ions,  p a r t i c u l a r l y  i n  the  spacecraft  area,  must be upgraded t o  accommo- 

date  the higher frequency; however, such an upgrading i s  considered within the 

Design 

extrapolated s ta te -of - the-ar t .  

The t o t a l  s a t e l l i t e  mass ava i lab le  a s  a funct ion of the a l t i t u d e  i s  

shown i n  Figure 5.3.2-1 and 5.3.2-2 for a Saturn I B  booster.  Both eas te rn  t e s t  
. .  

s t e r n  t e s t  range launch s i t e s  a r e  shown, although there  i s  a t  present 

launch capab i l i t y  a t  the western t e s t  range. Such a capab i l i t y  could, 
, I  

of course, be achieved i f  cos t  j u s t i f i e d  it. The abscissa  marks ind ica te  the 

minimum a l t i t u d e  a t  which a DSKS o r b i t  may be inc l ined  t o  produce continuous 

l ine-of-s ight  t racking t o  the spacecraft  mission indicated.  

pared t o  the  booster capabi l i ty  i n  the two f igures  f o r  the  p r o f i l e  B and E, since 

these p r o f i l e s  represent the extremes of the  range of e l e c t r i c a l  power required. 

The Mercury spacecraft  mission examined e n t a i l s  an a l t i t u d e  of 842 

The payload i s  com- 

kilometers f o r  continuous l ine-of-s ight  tracking and 113-day mission duration. 

The r e l a t i v e l y  short  mission duration suggests the use of a Dewar €or t h e  cryo- 

genic system i f  s i x  kilowatts a r e  required t o  provide the equivalent cooling. 

A more e f f i c i e n t  closed loop system u s i n g  only three ki lowatts  would weigh l e s s .  

From Figures 3.3.2-1 and 3.3.2-2 the  minimum mass s a t e l l i t e  u t i l i z e s  a s o l a r  

c e l l  power system for both p r o f i l e s  considered. The allowable s a t e l l i t e  mass 

and a l t i t u d e  combination f o r  DSNCS tracking the Mercury spacecraf t  i s  bounded 

on the  l e f t  by a v e r t i c a l  l i n e  a t  the  abscissa  a l t i t u d e  mark, on the  top by the 

booster capab i l i t y  l i n e s  f o r  the  respective t e s t  ranges and below by the sa te -  

U i t e  mass p lo t s .  

power subsystem weight and i t s  consequences as  re f lec ted  on other  subsystem 

weights. 

u c  i i G u i m u m  a i i i i u G e ,  

strumentation which could e f f ec t ive ly  explo i t  the u l t r a s t a b l e  platform o r  the 

add i t iona l  mass may be invested i n  more r e l i a b l e  equipments. Additional mar- 

g i n s  such a s  a t t i t u d e  cont ro l  system f u e l  o r  so l a r  panel area could 

The l a rge r  operating region f o r  p r o f i l e  E r e f l e c t s  the lower 

If the operating DSbICS a l t i t u d e  f o r  the  Mercury mission remains a t  
L 1 -  - iiie addi i iona i  payiuaci m y  Le a’usur.i)d Ly science in- 
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I . ... . 
* ,. . 

quickly absorb the  ex t r a  payload capabi l i ty .  

minimum a l t i t u d e  the  s a t e l l i t e ' i s  raised i n t o  t h e  lower r ad ia t ion  be l t ,  the  IiTG 

configuration weighs l e s s  than  the so la r  panel. 

If instead of operat ing a t  the  

A completely redundant DSMCS 

i s  possible  a t  the  minimum a l t i t u d e  with both p ro f i l e s .  Further  examination of 

launch windows and necessary longitude of ascending mode may indica te  t h a t  a p a i r  

of DSMCS may be launched*with a single Saturn booster i n  such a fashion t h a t  

two d i f f e r e n t  spacecraf t  missions w i t h  d i f f e r e n t  regression r a t e s  may be tracked. 

Additional payload surplus  may be invested i n  an o r b i t  maneuver system. 

noise temperature of Mercury i s  qui te  low s o  t h a t  a t  encounter t he  system noise 

The 

. contr ibut ion by the  planet  i s  small. However, the  sun is  expected t o  degrade 

performance because of i t s  high noise temperature midway through t h e  t racking  

-mission: The r e l i t i v e l y  higher gain afforded by t h e  DSMCS antenna w i l l  reduce 

t h e  effect of t he  sun on t h e  communication link. 

The Mars mission duration of 1.23 years  and minimum operat ing alti- 

tude of 1,116 kilometers suggests e i t h e r  t h a t  an RTG o r  a solar  ce l l  powered sa- 

t e l l i t e  may be used with the Saturn booster.  

contr ibut ion i s  below one degree Kelvin a t  encounter and therefore  i s  of no con- 

sequence t o  the t o t a l  system noise temperature. 

t h e  sun w i l l  occur near t h e  end of the  r e tu rn  voyage. The e f f e c t s  of the  sun 

w i l l  again be reduced because of t h e  r e l a t i v e i y  high gain of the DSWS antenna. 

The s a t e l l i t e  a l t i t u d e  and payload margin area i n  t h i s  case i s  smaller than t h e  

Mercury mission because t h e  minimum a l t i t u d e  i s  g r e a t e r  and t h e  mission dura t ion  

i s  s i g n i f i c a n t l y  l a rge r .  

p r o f i l e  p a r t i c u l a r l y  with a western t e s t  range launch. 

The planet system noise  temperature 

Occultation of t he  spacecraf t  by 

A redundant DSElCS may s t i l l  be implemented f o r  t h e  E 

Three J u p i t e r  missions were reviewed. A s l o w  t r a n s i t  mission i n  

1978 and two fas t  t r a n s i t s  i n  1973 and 1978. 
af Jupi te r  a t  encounter i n  a l l  th ree  cases was approximately 12 C because the  

The noise temperature contr ibut ion 
0 

range w a s  near s ix  A . U .  i n  each case. The two f a s t  missions, 1.86 years,  ind i -  

c a t e  t h a t  t h e  RTG system i s  preferred f o r  the  B p r o f i l e  and e i t h e r  power systems 

may be used f o r  t he  E p r o f i l e  with the Saturn booster.  The slow mission length 

of 2.9 years  preclufies so l a r  c e l l  power systems f o r  e i t h e r  p ro f i l e .  A payload 

margin of 20 percent remains f o r  the eas t e rn  t e s t  range even f o r  the  B p ro f i l e .  

The long  mission length presents  very ser ious r e l i a b i l i t y  problems f o r  a l l  the  .- .. 

subsystems u t i l i zed .  
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meter p e t a l  . .  
' ... 'diameter p e t a l  antenna i n  the E prof i le .  The p e t a l  antenna although less eff i -  4 

The Titan booster c a p a b i l i t i e s  and payload s imi la r  t o  Figure 5.3.2-1 

a r e  shown i n  Figures 5.3.2-3 and 5.3:2-4. A 6.1 meter (20 f e e t )  d i a -  

antenna i s  configured i n  t h e  B p r ? f i l e  p l o t  and a 9.1 meter (30 f e e t )  

c i en t  i n  gain ava i lab le  per antenna mass was se lec ted  i n  order  t o  provide antenna 

a i n  comparable t o  t h e  Saturn configuration , within the narrow Titan shroud. The 
I .  

. p e t a l  s t ruc tu re  would unfold a f t e r  achieving o r b i t .  

so l id  antenna diameter i s  75 percent of t h a t  possible  i n  the Saturn shroud and 

thus provides a t  l e a s t  2.5 decibels  l e s s  gain. 

The l a r g e s t  c i r c u l a r  Ti tan 

- 

The p r o f i l e  B Titan configuration was r e s t r i c t e d  t o  a '6.1 meter 

t e r  p e t a l  i n  order t o  keep the  s a t e l l i t e  weight within the  ava i l - '  

P r o f i l e  B so l a r  panels were not considered p r a c t i c a l  w i t h  
I .  

able payload f o r  MIR. 
- .  . .  

T I  , . . . 
. . .  

a l a rge  p e t a l  antenna pr imari ly  on the  b a s i s  of packaging d i f f i c u l t i e s .  From 

Figure 5.3.2-4 it is c l e a r  t h a t  the  p ro f i l e  B configuration can be accommodated 

f o r  the  Mercury and 1978 f a s t  Jup i t e r  missions by a Titan launched from ETR 

and f o r  a l l  missions launched from WIB. 
6.1 meter (20 f o o t )  diameter p e t a l  antenna configurations w i l l  be 1.5 decibels  

below t h e  s ing le  so l id  paraboloid on the  Saturn. 

The maximum channel capaci ty  f o r  a l l  
t 

The channel capacity of the E p r o f i l e  system incorporating the 

9.1 meter (50 foo t )  pe t a l  paraboloid w i l l  be t'ne same a s  the  Sa turn  shroud 

l imi ted  paraboloid. 

60 gigahertz .  

requirements such a s  ACS pointing accuracy. 

a l l  missions nay be car r ied  by the  Titan from ETR except the  2.9 year J u p i t e r  

mission and t h a t  a WR launch could f u l f i l l  t h i s  mission, 

The lowest operating frequency a t  gain l i m i t  would be near 

The lower frequency i s  preferred i n  order t o  minimize spacecraf t  

From Figure 5.3.2-4 it is  c l e a r  t h a t  

5.3.3 CHANNEL CAPACITY 

The channel capaci ty  of any deep space communication l i n k  i s  a 

func t ion  of a number of q u a l i f i e r s ,  some of which a r e  pecul iar  t o  t h e  space- 

Cra f t  mission and some of w h i r h  3r1= p i r p l y  j i i d p p n t .  

e f f ec t ive  comparison between a space communication l i n k  using DSMCS and the 

present  earth-bound terminals, a common reference spacecraf t  must be se lec ted ,  

I n  o r d e r  t,o make an 

It i s  prefer red  t h a t  t h i s  spacecraf t  exhib i t  the general  c h a r a c t e r i s t i c s  of 
. .  
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f u t u r e  spacecraft  design, such as three  axis s t a b i l i z a t i o n ,  and a l s o  t h a t  suffi .- .  

c i e n t  f l i g h t  experience has been acquired with it so t h a t  t h e  design approach 

is v e r i f i e d .  The Mariner IV spacecraft  meets these c r i t e r i a  and was used as 
i 
1 

t h e  reference.  

next, but t h e  e r r o r  p r o b a b i l i t i e s  and t h e  threshold l e v e l s  were comparable and 

The s i g n a l  design, of course, var ied from one mission t o  t h e  

. -  

* a  he required power levels were a l s o  comparable. 

The r e l a t i v e  performance of a communication l i n k  from a spacecraft  

i n  deep space t o  e i t h e r  an earth-bound or an ear th-orbi t ing terminal  i s  shown 

i n  Figure 5.3.3-1. 
diameter deep space network s t a t i o n  operating at  2.3 gigahertz.  

Included i n  the  f igure  i s  t h e  85-foot-diameter and 210-foot- 

The recent ly-  

u i l t  210-foot d i s h  i s  ga in  l imited a t  3.7 gigahertz.  Beyond 3.7 gigahertz,  

t h e  ga in  of t h e  present 210 f o o t  antenna decreases as t h e  inverse f o u r t h  power 

of 'frequency. 

ga in  l i m i t  antenna near 10 gigahertz i s  an t ic ipa ted .  

formance at t h a t  frequency i s  a l s o  shown. The atmosphere model used i n  olller , . 
t o  c a l c u l a t e  t h e  system noise temperature was 1.25 cm per h m r  r a i n  and a t e n  

degree e leva t ion  angle.  

out transmissions.  

creased by t h e  ground rad ia t ion  e n e r a  sca t te red  by t h e  r a i n .  

t i o n  loss  becomes appreciable above four  gigahertz as shown i n  Figure 5.3.3-2. 

System performance therefore  d e t e r i o r a t e s  rap id ly  above t e n  gigahertz as ev i -  

denced by t h e  15 gigahertz point  i n  the f i g u r e  f o r  t h e  210-foot-diameter, t e n  

gigahertz  gain l imited antenna. 

By improvements i n  the  antenna r e f l e c t o r  surface technology, a 
The r e f l e c t o r  system per- 

This model is necessary t o  avoid the  weather blocking 

Above t e n  gigahertz,  the  system noise  temperature i s  in-  

Also, t h e  inser -  

DSMCS performance f o r  the so l id  antenna Saturn booster configura- 

t i o n  i s  shown i n  Figure 5.3.3-1 a t  the frequency where it i s  grea tes t ,  100 giga- 

h e r t z .  

s ion  e f f i c i e n c y  l o s s  r e l a t i v e  t o  t h a t  a t  lower frequencies.  The addi t iona l  

ord ina te  sca les  show the  b i t  r a t e  f o r  a l i n k  between the terminals near the  

The DSMCS point includes a f o u r  dec ibe l  penalty f o r  t r a n s m i t t e r  conver- 

e a r t h  and a Mariner IV spacecraft  a t  encounter with t h e  terminals indicated.  

The Mars ordinate  scale  represents  the Mariner I V  1965 capabi l i ty  a t  encounter. 

The planned 30-day-stay Mars mission b i t  r a t e  i s  only .8 decibels  higher.  

Mercury b i t  capabi l i ty  a t  encounter i s  scaled next .  

The 

The last  ordinate sca le  

descr ibes  the  1978 slow J u p i t e r  mission capacity a t  encounter. The 1978 fast  
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. mission i s  .12 db b i t s  per second lower and. t h e  1973 fast mission i s  .44 dec ibe l s  

higher. 

ments such as increasing the  t r ansmi t t e r  poweq above t e n  watts. 

All these  rates could, of course, be increased by spacecraf t  improve- 

The T i t an  

boosted DEWS point  i s  i d e n t i c a l  t o  the Saturn boosted DSElCS f o r  t h e  9.1 meter 
1 

(30 foo t )  petal antenna and 1.3 decibels  lower f o r  t h e  6. 
antenna 

. 

gigahertz .  

DSMCS communication c a p a b i l i t i e s  from spacecraf t .  The in t en t  of t he  study was 

not t o  dwell on spacecraf t  improvements b u t  t he  table presents  obvious communi- 

ca t ion  channel capaci ty  improvement us ing  100 gigahertz  hardware on spacecraf t .  

The table i l l u s t r a t e s  more than  a f a c t o r  of 10 improvement i n  channel capaci ty  

by increas ing  frequency from S-band t o  100 GHz f o r  similar spacecraf t  equipment. 

O r  f o r  a 7.9 x 10 da ta  rate, t h e  S-band spacecraf t  example would requi re  a 
transmitter output increase from 100 watts t o  100 watts. 

Study cons t r a in t s  r e s t r i c t e d  t h e  frequency range from 2 t o  100 

Table 5.3.3-1 presents  a comparison of present cormunications and 

6 

5.3.4 OPTICAL COMMUNICATIONS 

Opinions comparing microwave and o p t i c a l  space communications 

Microwave technologies are on f i r m  ground having proven hardware. vary widely. 

Opt ica l  communication using lasers represents  an exc i t i ng  research f i e ld ,  how- 

ever,  it remains i n  the  laboratory.  Laser researchers  working i n  t h e  f i e l d  of 

communications have varying opinions as t o  t h e  predictable  c a p a b i l i t i e s  of laser. 

One opinion (Reference 1) s t a t e s  t h a t  a 1 meter aperture  i n  space and a 10 meter 

aper ture  on t h e  ground could provide a bandwidth of over 1 MHz with a 3Odb 

signal- to-noise  r a t i o  a t  l A . U .  

kg and 675 kg. 
This  system would provide a bandwidth of 50 MKz a t  30 db SNR using a ty-pical 

modulation scheme a t  a range of 0.4 x 10 

Th i s  system w a s  proposed t o  weigh between 450 
The power input requirement was suggested as a modest 200 watts; 

6 km. 

Another reference s t a t e s  t h a t  l a s e r s  open a new regime of s p e c t r a l  
n i r r i f v  t h e  n= t i r ) l l  f r e q i ~ ~ ~ c i ~ ~  2 ~ 2  ~ e w  r e c r i m e  Q-"- p f i p r g r  4pnSit;r crd f _ _ h _ l f _  
r--"aJ 

lasers "must sure ly  have a g o d  fu ture  i n  s c i e n t i f i c  research.' ' 

The statement continues and notes radio-frequency systems a re  b e t t e r  than o p t i c a l  

systems f o r  earth-spacecraft-earth-communications. 

(Reference 2) 
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Optical communication w i l l  not cbmpete successful ly  with micro- I .  - ,  

wave systems f o r  space appl ica t ions  u n t i l  ser-ious problems on t h e  spacecraf t  

are solved. Lasers are extremely narrow beam devices .  Ultimate beamwidths 

of one second of a r c  or less are t y p i c a l v a l u e s ,  even when considering advanced 

-techniques such as narrow band, high gain, noise  free amplif iers  and frequency 

modulation. 

time, and r e f r a c t i o n  e f f e c t  which compound the spacecraf t  beam pointing prob- 

I 
- .  

. .  

. 1 '. The narrow beam i s  sens i t ive  t o  o p t i c a l  aberation, propagation 

I 

~. l e m  and the  a t t i t u d e  cont ro l  requirements. . .  
i .  

evaluation of microwave and o p t i c a l  communications would 

require  inves t iga t ion  of t h e  s e n s i t i v i t y  of spacecraf t  d i sc ip l ines  t o  o p t i c a l  

communication system requirements. 

would be appropriate .  

comparison. 

ques w i l l  perform deep space communications i n  t h e  immediate and perhaps d i s t a n t  

fu tu re .  

i n t en t  of t h i s  study has shown. 

A comparison on the  basis of bits/sec/kg 

Uncertainty i n  l a s e r  technology p roh ib i t s  t h i s  type of 

From a consensus of opinions, it is  agreed that microwave techni-  

There i s  however mom f o r  improvement i n  t h e  microwave region as t h e  
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Figure 5.2.2-4. System Weight Required t o  Supply 1/2 Watt of 
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6.0 EXAMPLE SATELLJTE CONCEPTUAL DESIGNS 

Nine satellite conceptual designs were investigated considering 
I .  various combinations of technologies discussed in Appendix Volume 111, The 
I 

I designs were configured using shroud, power supply, and antenna options to 
. I  

provide a spectrum of representative conceptual designs. In order to assist the 
bookkeeping of the design options in the various satellite configurations, a 
descriptive nomenclature system was established to point out the primary sys- 
tems associated with each configuration. The nomenclature used follows: 

.. 
I . .  

ExAMpm 

NB 1 s  - I - 10’ - la \ Power System 
N Nuclear 

. s  Solar 
Parer Profile 

, A  through H 
Lifetime 

Years 

Titan I I I C  (short) TS 
Saturn IB 

Launch Vehicle Shroud 

TL/l c 

Tltan IIIC ( l m g )  

+--- Antenna Aperture Diameter 
Meters 

t Antenna Surface Tolerance Factor 
Diameter/rms D / a  

Configuration Number and Alternate Letter 
- 1  

The nine configurations discussed have the following design options: 
NB 1s-6-105-1 
NB 1T~-4-105-la 

SB 1 S -6-105-2 

NB 1 T,-10-104-3 
NB 1 SY10-1O4-ja 
NB 1 TL-13-104-3b 
SE 1 S-6-105-4 
SE 1 ~~-10-104-4a 
NE 1 T~-4-105-5 

0 
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The configurations w i l l  be discussed i n  order. O f  the  nine, 

four a r e  preferred,  they a r e  Numbers: 

nuclear and so la r  powered configurations, one year l i f e t imes  were used f o r  a l l  

1, 2, 3a and h. In  order t o  compare 

. . .  
, . .  

. .  

the  configurations a t  o r b i t a l  a l t i t u d e s  of 1620 km. 

6.1 . CONFIGURATION NB1S-6-105-1 

A l i n e  drawing of the f i r s t  configuration (NB1s-6-1O5-1) i s  

shown i n  Figure 6.1-1 and an isometric of the configuration i s  presented i n  

Figure 6.1-2. 
packaged i n  the  Saturn-IB shroud. 

isotope thermoelectric generators (RTG' s ) .  

the B p r o f i l e  i s  13.2 kW. 

with 37.5 kWe avai lable  f o r  t ransmit t ing 5 minutes per hour. 

sist of 30 kWe t ransmi t te r  input,  6 kWe maser re f r ige ra t ion  and 1.5 kWe f o r  

housekeeping. 

RTG's were placed on top of the s a t e l l i t e ,  a somewhat awkward posi t ion f o r  

properly supporting t h e i r  mass during launch. 

This i s  one of the four preferred configurations and it i s  

The power supply cons is t s  of th ree  radio- 

Total  RTG e l e c t r i c a l  output t o  support 

This p ro f i l e  provides 7.5 kWe minimum f u l l  time power 
Power loads con- 

In order t o  package the l a r g e s t  diameter antenna possible ,  the  

Communications i s  based on equipment operating a t  100 GHz and a 

solid, s ingle  piece is meter diameter antenna w i t h  a ~ / a  value of 195 and a 

deployable hyperbolic sub-ref lector  and secondary antenna. 

genica l ly  cooled maser amplif ier  i s  used f o r  receiving and the h'igh power 

t r ansmi t t e r  f o r  c o m n d  required 10 kW radiated power. 

masers a r e  considered on a l l  the configurations with a B power p ro f i l e .  

A closed loop cryo- 

D 

Cryogenically cooled 

The a t t i t u d e  cont ro l  system u t i l i z e s  mercury flywheels and . 

nit rogen gas j e t s  as  noted i n  e a r l i e r  sect ions of t h i s  volume. 

thermal loads were assumed conducted t o  the RTG area and radiated t o  space. 

NO weight has been a l loca ted  f o r  thermal control  i n  any of the nuclear power 

configurat ions because of t h i s  assumption. Equipment rad ia t ion  and p a r t i c l e  

Equipment 

nT.n+b,-.+<n-, Ln-7- L--- - - - - . . - L - d  m--- n ---:-LA -m 
Y r v u L L u i w L r  L d u v c  uccu aL.c.uuIibcu A u L  in ~ t i ~ ~ t r ; - ~  weighit. ti w c l g r l b  ~ U L ~ U U L J  VI 

t h e  major subsystems f o r  t h i s  configuration follows: 
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I 
t 

I Communications 

Transmitter 

I Refr igera t ion  

. . .  . _ .  
,. , :. 

and o ther  

At t i tude  Control 

S t ruc tu re  and Radiation Shielding - 

Total  

6.2 CONFIGURATION NslTL-4-105 -la 

270 

Rearrangement of the  previous configurat ion for the  Ti tan  was i n -  
5 ves t iga t ed  r e s u l t i n g  i n  configurat ion NBITL-k-10 - la .  

requi red  f o r  equipment packaging because the  sho r t  shroud d id  not provide ade- 

quate volume. "he smaller diameter T i t a n  shroud, however, reduced t h e  antenna 

The long T i t a n  shroud was 

A l l c  ruiig s u r a ~ g i i u  DLUCU CJUAUUU 
. ur-=~~T 242 ____I tu 4 ~b ir, riguLe "-2-1. r /=- l--- -+--<-L+ - 2 2 - 3  -L--..d 

d i d  not provide the  opt ion a s  did the  Saturn shroud t o  arrange the  power supply 

and antenna t o  maximize antenna diameter, The smaller  diameter antenna was 

SGC =om-1 
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located a t  the top of the s a t e l l i t e  and the  RTG's were placed a t  the  bottom 

where they a re  more e a s i l y  supported during launch than i n  the previous con- 

f igurat ion.  

a t t i t u d e  cont ro l  system weight required because of the  increased moments of 

The reduction i n  antenna weight; however, was o f f s e t  by increased 

. i n e r t i a  imbalances i n  the elongated configuration. The t o t a l  weight of t h i s  
configuration i s  therefore  s imi la r  t o  the  previous configuration. 

. . -  
4 

6 * 3  CONFIGURATION SBIS-6-105-2 

.This  i s  the  second preferred configuration and it combines an 

so la r  panel system f o r  prof i le  B with a 6 meter diameter antenna 
- -  

packaged i n  the Saturn-IB shroud. Conventional so l a r  panels s ized f o r  the  
B p r o f i l e  required excessive a t t i t u d e  cont ro l  system weight because of the  

extreme moments of i n e r t i a  imbalances due t o  long so la r  panels. In f l a t ab le  
I so la r  panels, packaged on the top  of t he  s a t e l l i t e  a s  shown i n  Figure 6.3-1, 

were employed t o  reduce the  moments of  i n e r t i a .  
taking advantage of the l i g h t e r  weight i n f l a t a b l e  panels and t h e i r  capab i l i t y  

of being expanded i n t o  a convenient configuration. 

This was accomplished by 

The panel configuretion 
used t o  minimize moments i s  shown i n  Figure 6.3-2 a s  a square deployed array.  

A mass was required on a boom t o  maintain spher ica l  balance. The mass con- 

s i s t i n g  of a ba t t e ry  located on a boom i s  shown i n  the f igure  perpendicular 

t o  the plane of the deployed so la r  panel. 

balance, t he  boom and counterbalance mass r o t a t e  w i t h  the so l a r  panel a s  it 

r o t a t e s  t o  t r ack  the sun. 

conservative number of approximately 5 k g / m  . 
f igu ra t ion  follows: 

I n  order t o  maintain spherical  

Inf la tab le  so l a r  panel weights were assigned a 
2 A weight summary or' t h i s  con- 

Power Supply 

In f l a t ab le  Solar Panels 1760 kg 

Battery 410 kg 

Other Components ._ 50 kg 

2220 kg 
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1 Communications 

Environment Control 

I Transmitter 9 o k g  1. 

I Refrigeration and o ther  135 kg ~ 

components 
L .  1295 kg 

- Atti tude Control _. 1500 kg 

I 

crease antenna diameter s ign i f i can t ly  beyond the  4 meter d i a z e t e r  noted i n  
the  long T i t an  shroud configuration, NBlT -4-10 5 -la,  a p e t a l  antenna deploy- 

L 
i n g  t o  a 10 meter diameter w a s  considered. The stowed configuration of t h e  

antenna and loca t ion  of t h e  o ther  major components are  shown i n  Figure 6.4-1. 
This diameter shroud does not allow a high one piece center  port ion 

diameter t o  t o t a l  diameter r a t i o ,  conducive t o  optimizing antenna gains. 

Reduced manufacturing and deployment tolerances of t h i s  diameter p e t a l  an- 

tenna when compared t o  one piece antenna tolerances of diameter as small as 4 

+ 

~ 

meters r e s u l t s  i n  approximately the  same ga in  f i g u r e  a t  100 GHz. 
f i g u r a t i o n  i s  representat ive of sho r t  T i t an  shroud configurations b u t  i s  not 

a p re fe r r ed  configuration. 

T h i s  con- 

4 6 - 5  CONFIGURATION NBlS-10-10 -3a 
- "ne s tucy  has pvinted w u t  b a i ~  l i i i i i t o t i ~ n a  aiid ~ ~ i g h t  p ~ ~ l t l z s  

of p e t a l  antennas when compared t o  one piece antennas. 

piece c e n t e r  port ion o r  hub diameter t o  t o t a l  diameter f o r  p e t a l  antennas 

should not  be overlooked, however, when comparing l a rge  diameter p e t a l  antennas 

with s i g n i f i c a n t  diameter hubs t o  smaller diameter one piece antennas. 

The r a t i o  of t he  one 

. 

This 
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point  i s  explored. in  the t h i r d  preferred configuration by using the  la rge  diam- 
. eter Saturn-IB shroud and a 10 meter diameter p e t a l  antenna w i t h  a l a rge  hub 

diameter a s  shown i n  Figure 6.5-1. 
Figure 6.5-2. 

ab le  i n  t h i s  configuration due t o  the r e l a t i v e l y  la rge  hub diameter, 

aummaq. of the configuration follows: 

. The deployed configuration i s  noted i n  

-_. Signif icant  improvement i n  p e t a l  antenna performance i s  avai l -  

A weight 

-, 
Power Supply ' 

Refrigeration and o ther  135 kg 

3295 kg 

Atti tude Control 300 kg 

Structure  and Radiation Shielding 900 kg 

Total  759.5 kg 

Components 

* I  

4 . 6.6 CONFIGURATION NE%lTL-lJ-10 -3b 

This configuration i s  found i n  Figure 6.6-1 and the long Titan 

. shroud was used t o  package a shroud l imited p e t a l  antenna, 

antenna diameter ava i lab le  i n  t h i s  shroud was 13 meters w i t h  other  equipment 

packaged.-as shown i n  the f igure .  

aging p e t a l  antennas i n  long shrouds. The l o w  r a t i o  of the center  hub diam- 

e k r  Lo t o t a l  anzenna diameter does not optimize antenna gain and the remainder 

The maximum p e t a l  

This Configuration was an exercise  i n  pack- 

. -  

of the  configuration is  s imi la r  t o  configurations previously discussed. 
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6.7 . CONFIGURATION 

Power p r o f i l e  

. .  . .  I .  I ' 

5 SElS-6-10 -4 

B d id  not permit use Of conventional solar  panels 

pr imari ly  because of excessive a t t i t u d e  cont ro l  system weight requirements 

-assoc ia ted  with moments of i n e r t i a  of t h e  long panels. 

. A primary bower load influencing t h e  a rea  of the  solar panel.  

. - ,  . was the  continuous 6 kWe load i n  p r o f i l e  B f o r  maser r e f r ige ra t ion .  Reduction 
i n  t h i s  continuous load dramatical ly  reduced s o l a r  panel a r ea  requirements 

and permitted the  use of conventional solar panels.  

, advantage of a reduction i n  t h i s  load as found i n  power p r o f i l e  E, where only 1 

kWe was' assigned f o r  p a r t i a l  r e f r ige ra t ion  of a parametric ampl i f ie r  r a the r  

than co-mplete r e f r ige ra t ion  of a maser. Solar  panel  projected area was re- 

This s t i l l  r e su l t ed  i n  l a rge  a t t i t u d e  con t ro l  

l This configurat ion took 
I 

2 2 
~ duced from 360 m t o  170 m . 

. 'system weights bu t  not excessive as would have been t h e  case with power. p r o f i l e  

B and conventional solar panels. 

The configurat ion shown i n  Figure 6.7-1 i s  packaged i n  the  

Saturn-IB shroud w i t h  the maximum diameter one piece antenna of 6 meters. 
Configuration SBlS-6-10 5 -2,noted i n  Section 6.3, required one boom and counter 

weight designed t o  follow perpendicular t o  the  i n f l a t a b l e  s o l a r  Fanel t o  main- 

t a i n  sphe r i ca l  balance. 

counter weights t o  maintain spher ica l  balance. 

This configurat ion required two s t a t iona ry  booms and 

4 6.8 CONFIGURATION SEITS-lO-10 -h 

This i s  the  fou r th  preferred configuration. It takes  advantage 

of the  a t t i t u d e  cont ro l  system weight savings of power p r o f i l e  E. 

T i t a l  shroud i s  used f o r  packaging a 10 meter diameter p e t a l  antenna. 

The shor t  

The 

Figure 6.8-2 , r e l a t ionsh ips  of the  mjor components a r e  shown i n  Figure 6.8-1. 
i l l u s t r a t e s  the deployed s o l a r  panels and the two s t a t iona ry  booms and 

counter  weights i n  an isometric view. A summary of the  weights follows: 

Power Supply 

Solar  Panels 1240 kg 
Battery 200 kg 

Other Components 25 kg 

SGC 920~~-1 
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. .  
. .  . .  

. . . . -  
. .  

. .  , .  

Communications 

Antenna 2800 kg 

Parametric Amplifier 25 kg 
Transmitter 90 43 
Refrigeration and o ther  . l00kg , I .  

ComBonent s 
3015 kg I 

Att i tude  Control 1950 kg 

. . !  . .  
, . . .  

. .  

Environment Control 
. ,  

' Equipment Radiator 

S t rhc ture  and Radiation Shielding 1025 43 

Tota l  7835 kg 
. .  

. .  

" .  . .  

This t o t a l  weight averages 1500 kg i n  excess of Ti tan  I I I C  ETR 
payload capab i l i t y  f o r  t he  missions studiqd. Launches from WTR would provide 

adequate payload f o r  a l l  missions except f o r  t he  Mercury flyby, 

6.9 

The SNAP-1OB power supply could o f f e r  considerable capab i l i t y  i n  

The la rge  volume of t h e  S W - I O B ' s  however d id  not permit t h e i r  the  mid 70's. 

use i n  t h e  selected shrouds f o r  the  B power p r o f i l e .  

power p r o f i l e  E would permit packaging fou r  SNAP-1OB's as shown i n  Figure 6.9-1. 
The four  power Eni ts  would be hinged a t  the  equipment compartment and deployed 

away from t h e i r  c lus te red  pos i t ion  shown i n  the  f igure  a f t e r  o r b i t  in jec t ion .  

The Configuration considered a 4 meter diameter s o l i d  antenna with a f ixed  

The long Ti tan shroud and 

hyperbolic sub-ref lector .  
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Figure 6.1-1. DSbICS Configuration NBIS-6-105-1 
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Figure 6.1-2. DSbICS Configuration 1x31s-6-10 5 -1 
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MERCURY F L Y W E E L L  
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SHIELDING 

SUB-REFLECTOR 

Figure 6.3-1. DSMCS Configuration SBIS-6-10 5 -2 
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5 Figure 6.3-2. DSMCS Configurat ion SBIS-6-10 -2 
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4 Figure 6.5-1. DSMCS Configuration NBIS-10-10 -3a 
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Figure 6.5-2. DSES Configuration NBIS-10-10 4 -3a 
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Figure 6.8-2. DSMCS Configuration SEITS-lO-10 4 -4a 
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7.0 FEXSIBILITY, CAPABILITIES AND TECHNOLOGICAL PROBIXM AREXS 

The study r e s u l t s  have pointed out  t h a t  the  DSES concept would 

be f e a s i b l e  i n  the  1975-1985 period only i f  major technological  a reas  are devel- 

oped t o  a degree wel l  beyond the present s t a t e  of t h e i r  a r t .  

nological  problem areas found l a t e r  i n  t h i s  sec t ion  a t t e s t s  t o  t h i s .  
i n g  t h e  above degree of t echn ica l  f e a s i b i l i t y  was performed, however, without 

considerat ion t o  development cos t  o r  c o s t  e f fec t iveness .  

l 

The l i s t  of tech- 

Establ ish-  

The DSMCS opera t ing  a t  100 gigahertz  would provide over 6 db of 

improvement f o r  receiving data  from deep space spacecraf t  compared t o  present  

S-band e a r t h  based systems. 

monitoring of spacecraf t  without antenna switching, requi re  only  one spacecraf t  

a c q u i s i t i o n  and reduce ground network complexity. 

band permits higher antenna gains both on the  s a t e l l i t e  and spacecraf t  with 

present  antenna technology. 

r e l i e v e  ground s t a t i o n  loading. 

cedure could take advantage of manned a s s i s t ance  on t h e  DSMCS f o r  time shar ing 

the  rece iver  and monitoring ,mny spacecraf t .  

1 

I I n  addi t ion,  t he  DSMCS would provide continuous 

Use of f requencies  above S- 

Orbiting a DSMCS f o r  each spacecraf t  mission would 

A m r e  f l e x i b l e  and less c o s t l y  opera t ing  pro- 

I 
I 

Engineering and technoiogy problems have been discussed through- 

Engineering problems have been defined as problems requi r ing  out  t he  s tudy.  

extension t o  or improvement o f  known s t a t e  of ther a r t .  

neering problems are given f o r  example. 

tude c o n t m l  system were found not  t o  have r e l i a b i l i t y  i n  keeping w i t h  the  3- 
year maximu DSMCS l i f e t i m e .  The engineering so lu t ion  proposed e i t h e r  improve- 

ment i n  s t e l l a r  sensor  r e l i a b i l i t y  or  redundant units or a combination of both. 

This is  a proposed engineering solut ion as compared t o  a technological  solu-  

t i o n  r equ i r ing  breakthroughs i n  Stella;. sensor technology. 

example concerns e rec t ion  and operat ion to le rance  o f  the  antenna feed.  

problem does not necessar i ly  require  a technglogical  advance bu t  r a the r  an ex- 

p l o i t a t i o n  of high accuracy s t r u c t u r a l  e r ec t ion  engineering procedures. 

The many engineering problems discovered during the  s tudy 

Two examples o f  engi- 
S t e l l a r  sensors required f o r  the  a t t i -  

A second engineering 

This 

were handled i n  the  above manner. 

beyond t h e  d e f i n i t i o n  of engineering and required s u b s t a n t i a l  development 

or  research  i n  t h e i r  respect ive technologies. 

Tnere were problems, however, t h a t  f e l l  

These a reas  a r e  l i s t e d  below a s  
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technological problem areas  t h a t  require research and so lu t ion  before the  

DSmS concept w i l l  be f u l l y  implemented. . 

Technological Problem Areas 

0 100 GHz cryogenic ampl i f ie rs  

0 Closed loop cryogenic coolers  

0 100 GHz e f f i c i e n t  t ransmi t te rs  

e Surface cha rac t e r i s t i c s  and deployment tolerances of 
spaceborne antennas l a rge r  than 6 meters diameter 
'(Saturn-IB so l id  d ish  shroud l i m i t )  

- .  
G u n i t  power leve ls  

Increase SNAP-1OA output/weight t o  proposed SNAP-1OB 

, 
adia t ion  r e s i s t an t  s o l a r  c e l l s  

ightweight i n f l a t ab le  so l a r  panels 

Engineering Problem kreas 

0 DShES and Spacecraft a t t i t u d e  control ,  receiver,  o s c i l l a t o r  
and t ransmi t te r  improvements 
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8.0 LOGISTICS, SCIENCE AND MANNFD APPLICATIONS SUMMARY 

I 
I 8.1 ESTIMATE OF SPACECRAFT TRAFFIC VS CALF,:NDAR DATES 
I 

There are numerous m i s s i o n t h e  t a b l e s  ava i l ab le  t h a t  provide t e n t a t i v e  

Unmanned missions t h a t  f l i g h t  schedules during $he period of i n t e r e s t  of DSMCS. 
I could be supported by DSMCS a r e  presented i n  Table 8.1-1 through 1980. Manned 

Their  f l i & t  planetary missions a r e  a l s o  capable of being supported by DSMCS. 

schedule however, i s  more d i f f i c u l t  t o  p red ic t .  This  study selected one t y p i c a l  

'manned Mars launch opportunity i n  the e a r l y  1980's a s  an example f o r  DSMCS in-  

ves t iga t ions .  A manned Venus mission was invest igated e a r l y  in the  study but it I .  
~ 

. d i d  not  s a t i s f y  study ground r u l e s  and the re fo re  was not persued i n  d e t a i l .  

8.2 RESUPPLY FOR SATELLITE LIFETIME EXTENSION 

Parer  supply l i f e t ime  a t  DSMCS o r b i t a l  a l t i t u d e s  were of primary con- 

Radiation damage t o  s o l a r  c e l l s  l imi ted  

' 

cern i n  s e l e c t j  ng appropriate  systems. 

t h e i r  u t i l i t y  t o  s a t e l l i t e  configurations with only one year l i fe t ime.  Increase 

i n  panel area t o  provide longer l i f e t imes  increased a t t i t u d e  cont ro l  f u e l  weight 

reqiArements beyond pract ical .  Emits. Solar  panei systems therefore  were not 

competit ive when compared t o  long l i fe t ime RTG systems with r e l i a b i l i t y  f i g u r e s  

projected t o  the period of DSMCS operations.  Resupply of degraded s o l a r  panels 

could improve s a t e l l i t e  u t i l i t y  by extending l i f e t i m e .  
' 

be removed during s a t e l l i t e  rendezvous with a manned vehicle  and replaced with 

new panels.  

Degraded panels would 

I n  addi t ion  t o  s o l a r  panel resupply, a t t i t u d e  cont ro l  f u e l  resupply 

could extend s a t e l l i t e  l i f e t ime .  

required la rge  a t t i t u d e  cont ro l  f u e l  suppl ies .  These configurat ions would par- 

t i c u l a r l y  benef i t  from f u e l  resupply and t h i s  capab i l i t y  would change the panel 

design philosophy. 

s idered without l i m i t i n g  s a t e l l i t e  l i f e t ime .  

S a t e l l i t e  configurat ions with s o l a r  panels 

Larger panels increasing s a t e l l i t e  performance could be con- 
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8*3 SATELLITE UTILITY FOR SCIENCE: INSTRUMENTATION 

8.3.1 RADIO ASTRONOMY 

Radio astronomy telescopes operat ing above t h e  e a r t h ' s  atmosphere ~. 
! 

. ,  
offer g rea t e r  capab i l i t i eg  than a comparable earth-bound system constrained by 

atmospheric windows. Adopting DSMCS t o  rad io  a s t r o n o q  w i l l  open la rge  por t ions  

.' . . .  

. .  

I .  

. .  . -  . .  

Of' the  spectrum previously mavai lab le  f o r  study. Planetary and cosmic source 

spectrum between 2 c m  and 10 microns wavelength a r e  obscured by atmospheric 

absorption. 

cade of t h i s  range have produced environment l imi ted  r a d i o  astronomy systems 

r a t h e r  than  detec'tor l imi ted  systems even i n  t h e  f e w  windows i n  t h i s  range. 

The smoothing enhancement gained by t racking  with ground based antennas i s  in -  

va l ida ted  by t h e  va r i ab le  atmospheric i n s e r t i o n  l o s s .  A r ad io  astronorny system 

using DSMCS as a platform could not only be made much more sens i t i ve  than  a 

ground system but  could monitor planetary o r  cosmic a c t i v i t i e s  continuously. 

Above t h e  e a r t h ' s  atmosphere,Cooler p lane ts  such a s  J u p i t e r  and Saturn may be 

studied with g rea t e r  s e n s i t i v i t y  and i n  more d e t a i l .  

creased rivi  oniy by tne  increased  radiometer s e n s i t i v i t y  f o r  a comparable e a r t h  

r ece ive r  but  a l s o  by the f 

Advances i n  predetection ampl i f ie rs  and de tec to r s  i n  t h e  lower de- 

The d e t e c t a b i l i t y  i s  in -  

2 power densi ty  r e l a t i o n  of thermal bodies.  

DSMCS o r b i t s  were selected t o  provide continuous t r ack ing  of 

p lane tary  spacecraf t .  

the DSMCS would a l s o  provide continuous monitoring of t h e  t a r g e t  p lane t .  

m i C  events  could be monitored during the  e n t i r e  spacecraf t  t r a n s f e r .  

i n g  accuracy and s t a b i l i t y  of t h e  DSMCS would permit u s e f r l  r ad io  astronomy 

experiments. 

During the  l a t t e r  por t ion  of t h e  spacecraf t  t r a j ec to ry ,  

COS- 

The point-  

8.3.2 OPTICAL ASTRONOMY 

The Astronomy Working Group a t  the Iowa Summer Study Group 1962 
was continued a t  the Syare  S q j ~ n r e  &clrC7_'~ VCCCIS %le,  M s s ~ s z h u s c t t s  izzeti-fig iii 

1965. 
search ca r r i ed  out with r e f l e c t i n g  te lescopes i n  space a t  wavelengths from 8001 
t o  1 mm, excluding s o l a r  s tudies .  

s idered t h e  p o s s i b i l i t i e s  f o r  studying s t a r s ,  s t a r  systems, nebulae, and p lane ts  

Op t i ca l  astronomy i n  space was defined t o  include a l l  astronomical r e -  

The Working Group on Optical  Astronomy con- 
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from o r b i t i n g  te lescopes sens i t i ve  t o  electromagnetic r ad ia t ion  a t  wavelengths 
0 

The group made t h e  following recommendations t h a t  a r e  - - .  between 800 A and 1 m. 

~ r e l a t ed  ’ t o  DSMCS c a p a b i l i t i e s  : i’ 

1. 

be include8 i n  the  Apollo Extension Systems ( U S )  program. 

Two o r  more te lescopes having aper tures  of 40 inches o r  

The 

, Orbit ing Astronomical Observatory program should be continued u n t i l  AES launch- 

ings a r e  d e f i n i t e l y  scheduled. 

2. DeveloFment of var ious de t ec to r s  required i n  space te lescopes  

be supported by NASA. 

3. -Development of improved gra t ings  would of c e n t r a l  impor- 

t h e  space astronomy program. 

4. Development of  o p t i c a l  interferometers  should be pressed, 

obable i n i t i a l  operat ion on the  ground. 

5. Research and development concerned with problems of space 

te lescope opt ics ,  e spec ia l ly  with the  primary mirror, should be supported by 
I 

NASA. 

The group a l s o  concluded t h a t  a space te lescope of l a rge  diameter, 

with a r e so lu t ion  corresponding t o  a n  aper ture  of a t  l e a s t  120 inches,  de t ec t -  

i n g  r a d i a t i o n  between 800 A and 1 mm, i s  becoming t echn ica l ly  f e a s i b l e  and w i l l .  
0 

be uniquely important t o  t h e  so lu t ion  of t h e  c e n t r a l  astronomical problems of 
our era. “he group recommended t h a t  t h i s  te lescope because of the  long lead .- - 

.h 
k- - 

t i m e  and l a rge  cos t  be manned t o  assure r e l i a b i l i t y .  

”his recommendation i n f e r s  t h a t  smaller  te lescopes using the  

DSMCS as  an  unmanned platform could be use fu l  t o  the  s c i e n t i f i c  community. I n  

add i t ion ,  a DSMCS with the  l a rge  120 inch diameter aper ture ,  coupled t o  a 

manned module would provide a combined s a t e l l i t e  reducing a t t i t u d e  con t ro l  and 

power requirerr,ents i n  the mnned module. 

-. I 
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8.4 MANNED SATELLITE APPLICATIONS 

I . . Unmanned DSES's provide a s t a b l e  platform with high ga in  com- 

munications c a p a b i l i t y  and with power l e v e l s  capable of supporting manned 

sa te l l i t e  requirements. 

DSWS's i n  l o w  a l t i t u d e  o r b i t s  could extend lifetimes of the  manned s a t e l l i t e s  

and increase  t h e i r  opera t iona l  scope. 

increased t o  perform communications r e l a y  funct ions and manned p lane tary  space- 

c r a f t  r e tu rn  guidance assis tance.  Long dura t ion  o r b i t a l  b io log ica l  experiments 

could a l s o  be performed. 

and opt ical  astronomy experiments noted i n  the  previous sec t ion  could be crew 

operated on the  DSWS/manned module combined s a t e l l i t e .  

b n n e d  satell i tes with limited lifetimes coupled t o  

- The manned opera t iona l  scopes could be 

Earth environment experiments i n  add i t ion  t o  the  rad io  

So la r  power configured DSMCS's would require  only minor redesign 

t o  accommodated docking and f u e l  l i ne  and power l i n e  connections. 

power configured s a t e l l i t e s ,  however, would require RTG sh ie ld ing  r e d e s i p  t n  

increase r ad ia t ion  pro tec t ion  due t o  the  proximity of t he  manned module. 

Nuclear 

Future manned e a r t h  o r b i t e r  i n t e r e s t s  could use the  DSMCS a s  a 

bui ld ing  block t o  perform more sophis t icated operat ions f o r  extended periods 

of time. 

t i o n s .  

I 

U t i l i z i n g  the DSMCS a s  a s taging area introduces i n t e r e s t l n g  appl ica-  

Removing the  continuous l i n e  of sight be$ween the  DSMCS and t h e  plane- 

. ' .. 

.- ~ i 

~ 

t a r y  spacecraf t  cons t ra in t ,  permits exp lo i t a t ion  of DSMCS c a p a b i l i t i e s  f o r  

mnned operat ions considering reduced r ad ia t ion  sh ie ld ing  and increased pay- 

load c a p a b i l i t i e s .  

ca t ion  ass i s tance  during rendezvous and assembly of manned modules. 

ance would be appl icable  t o  la rge  assembled manned e a r t h  o r b i t e r s  o r  t o  modular 

0 

The DSMCS staging area could be used f o r  p m e r  and communi- 

The a s s i s t -  

I manned planetary '  spacecraf t .  The DSMCS could provide l o g i s t i c s  funct ions dur- 
i n g  module assembly. 
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